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I INTRODUCTION

1.1 PURPOSE

Reliability-Centered Maintenance (RCM) is an analytical process used to determine preventive
maintenance (PM) requirements and identify the need to take other actions that are warranted to
ensure safe and cost-effective operations of a system.  This manual is the primary guidance
document for anyone tasked with performing an RCM analysis.  It covers the following subjects:

∗ RCM Program Management

∗ RCM Analysis Process

∗ Implementation of Analysis Results, and

∗ RCM Program Sustainment.

NAVAIRINST 4790.20 (series), Reliability-Centered Maintenance Program, states that, “The
RCM process shall be used to develop, justify and sustain all PM requirements.”

1.2 SCOPE

This manual describes the process used to develop all PM requirements for NAVAIR aircraft,
engines, aircrew escape systems, weapon systems, aircraft launch and recovery equipment, and
support equipment.

1.3 DEFINITIONS

∗ Acceptable Probability of Failure – The probability of a given failure mode occurring
during a single event that a program is willing to accept.

∗ Actual Probability of Failure - The predicted or demonstrated probability of a given
failure mode occurring during a single event in the operating environment.

∗ Age Exploration (AE) - A process used to collect specific data to replace estimated or
assumed values that were used during a previous RCM analysis.

∗ Conditional Probability of Failure – The probability that a failure will occur in a
specific period provided that the item concerned has survived to the beginning of that
period.

∗ Criticality Analysis – A procedure that prioritizes each failure mode identified in the
FMEA according to the combined influence of its severity and its probability of
occurrence.

∗ End Item – An assembly of hardware elements that is not used to assemble a higher level
physical item, and is ready for its intended use.

∗ Failure Consequences – The adverse impact that a functional failure has on Safety,
Environment, Operations, and Economics.
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∗ Failure Effects -- The result of a functional failure on surrounding items, the functional
capability of the end item, and hazards to personnel and the environment.

∗ Failure Finding Task - A preventive maintenance task performed at a specified interval
to determine whether a hidden failure has occurred.

∗ Failure Mode - A specific physical condition that causes a particular functional failure.

∗ Failure Mode and Effects Analysis (FMEA) - A process used to determine the
function(s) of each item, the functional failures associated with each function, the failure
modes that have the potential to cause each functional failure, and the effect and severity
of each failure mode.

∗ Failure Mode, Effects and Criticality Analysis (FMECA) - A process which combines
a Failure Mode and Effects Analysis (FMEA) and a Criticality Analysis (CA).

∗ Function – An intended purpose of an item as described by a required standard of
performance.

∗ Functional Failure - The inability of an item to perform a specific function within
specified limits.

∗ Hard Time Task - The scheduled removal of an item, or a restorative action at some
specified maximum age limit to prevent functional failure.

∗ Hardware Breakdown – The logical division of a hardware item into progressively
smaller elements that are decreasingly complex.

∗ Hidden Failure – A failure with effects that will not become evident to the operating
crew under normal circumstances if the failure mode occurs on its own.

∗ Lubrication Task – The periodic application of a lubricant to items that require
lubrication for proper operation or to prevent premature functional failures.

∗ Non-significant Function (NSF) – A function whose failure will have no adverse safety,
environmental, operational, or economic effects.

∗ On Condition Task - A scheduled inspection designed to detect a potential failure
condition.

∗ Other Action – A term used to indicate that some action outside the RCM process is
either required or desired when a PM task can not be developed to reduce the conditional
probability of occurrence of failure mode to an acceptable level.

∗ Potential Failure - A definable and detectable condition that indicates that a functional
failure is in the process of occurring.

∗ Preventive Maintenance (PM) – Actions performed periodically to maximize the
probability that an item will achieve the desired level of safety and reliability.

∗ Prognosis and Health Management (PHM) Systems - Diagnostic or prognostic devices
and systems that are used to monitor equipment condition and provide indications to the
operator or maintainer.  These systems may also initiate automatic actions to deal with
the condition(s) sensed or predicted.

∗ Servicing Task -The replenishment of consumable materials that are depleted during
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normal operations.
∗ Severity Classification – A category assigned to a failure mode based on the impacts of

its potential effects.

∗ Significant Function (SF) - A function whose failure will have adverse effect with
regard to safety, the environment, operations, or economics.

1.4 ACRONYMS

∗ 3-M Maintenance Material Management System

∗ AE Age Exploration

∗ AEB Age Exploration Bulletin

∗ APML Assistant Program Manager for Logistics

∗ APMS&E Assistant Program Manager, Systems and Engineering

∗ BUNO Bureau Number

∗ CODR Conventional Ordinance Deficiency Report

∗ DMMH Direct Maintenance Man-hours

∗ ECA Equipment Condition Analysis

∗ ECP Engineering Change Proposal

∗ EHR Equipment History Record, or Explosive Hazard Report

∗ EI Engineering Investigation

∗ FH Flight Hour

∗ FMEA Failure Modes and Effects Analysis

∗ FMECA Failure Modes, Effects, and Criticality Analysis

∗ FST Fleet Support Team

∗ HMR Hazardous Material Report

∗ IMC Integrated Maintenance Concept

∗ IPT Integrated Program Team

∗ IRCMS Integrated Reliability-Centered Maintenance System

∗ IT Information Technology

∗ MMH Maintenance Man Hours

∗ MRC Maintenance Requirement Card

∗ MTBF Mean Time Between Failure

∗ MTBMA Mean Time Between Maintenance Actions

∗ MTBCA Mean Time Between Corrective Actions

∗ NADEP Naval Aviation Depot

∗ NALDA Naval Aviation Logistics Data Analysis
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∗ NAMP Naval Aviation Maintenance Program

∗ NATOPS Naval Air Training and Operating Procedures Standardization

∗ NAVAIR Naval Air Systems Command

∗ NDI Non-destructive Inspection

∗ NMC Non-mission Capable

∗ NOMMP Naval Ordnance Maintenance Management Program

∗ NSF Non-significant Function

∗ OEM Original Equipment Manufacturer

∗ OPNAV Office of the Chief of Naval Operations

∗ P & P Propulsion and Power

∗ PF Potential (failure)-to-Functional (failure) interval

∗ PHM Prognosis and Health Management

∗ PM Preventive Maintenance

∗ PMA Program Manager, Air

∗ POA&M Plan of Action and Milestones

∗ QDR Quality Deficiency Report

∗ RCM Reliability-Centered Maintenance

∗ SDLM Standard Depot Level Maintenance

∗ SF Significant Function

∗ TPDR Technical Publication Deficiency Report

∗ WUC Work Unit Code

1.5 REFERENCE DOCUMENTS

∗ OPNAVINST 4790.2 Naval Aviation Maintenance Program

∗ OPNAVINST 8000.16 Naval Ordnance Maintenance Management Program

∗ NAVAIRINST 4790.20 Reliability-Centered Maintenance Program

∗ NAVAIRINST 4790.3 Aeronautical Time Cycle Management Program

∗ NAVAIRINST 13120.1 Fixed Wing Aircraft Structural Life Limits

∗ NAVAIRINST 13130.1 Rotary Wing Aircraft Structural Life Limits

∗ MIL-HDBK-217 Reliability Prediction of Electronic Equipment
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II RCM PROGRAM MANAGEMENT

2.1 INTRODUCTION

Implementation of an RCM program encompasses much more than just performing RCM
analysis.  It is a major undertaking that requires significant planning and project management
efforts.  This section addresses many of the issues that need to be considered prior to
implementing an RCM program.  Figure 2-1 illustrates the overall RCM program process and
highlights the RCM Plan and Hardware Breakdown blocks covered in this section.

Figure 2-1  RCM Process Map

As with any large project, substantial up front planning is required for it to be successful.  An
RCM Program Plan, which is required by NAVAIRINST 4790.20 (series), is the means by
which this planning effort is accomplished and recorded.  The RCM Program Plan must address,
at a minimum, the implementation and sustainment issues discussed in this section.  It should
also include a Plan of Action and Milestones (POA&M) to outline key events that will occur
when a particular activity is started or completed.  The plan may also address how an RCM

RCM PLAN Plan that describes how the RCM
program will be developed, implemented, and sustained
throughout the equipment’s life Output :  Guidance to RCM manager,

analysts, and other team members

Output : Individual analysis items

Output : Information on each reasonably
likely failure mode of the analysis item

Output : Identity of functions which are
significant enough to warrant further
analysis

Output : The preventive task(s) or other
actions that deal most effectively with
the failure mode

Output : PM requirements  and
Identification of when action outside of
RCM is warranted

IMPLEMENTATION Things done to
apply the output of RCM to the maintenance
program

HARDWARE BREAKDOWN End
item is broken down to the level that the analysis
will take place

FEEDBACK In-service and
AE data

FMECA Analysis to determine how the analysis
item can fail, the effects of those failures, and other
failure information

RCM TASK SELECTION Analysis to
determine which solution is the most acceptable

RCM TASK EVALUATION Analysis
to determ ine what options are available that will
deal successfully with each mode of failure

SIGNIFICANT FUNCTION
SELECTION Analysis to determine whether
the failure of a function has significant effects on
safety, operations, or economics
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program will interface with other organizational elements, such as system safety, logistics, and
human factors groups.  The Naval Aviation Maintenance Program (NAMP), OPNAVINST
4790.2(series), and the Naval Ordnance Maintenance Management Program (NOMMP),
OPNAVINST 8000.16, offer guidance by establishing standard maintenance policy for aircraft
and ordnance respectively.  They should be referred to during development and execution of the
RCM Program Plan to help create a positive working relationship between the RCM program
and the maintenance program.  The RCM Program Plan should be updated periodically to reflect
changes in program requirements.  An example of an RCM Program Plan is shown in Appendix
A.

One valuable resource for assisting in the implementation of an RCM program is the NAVAIR
RCM Working Group.  It is made up of RCM experts from several NAVAIR programs that
represent various assets such as aircraft, engines, weapon systems, aircraft launch and recovery
equipment and support equipment.  It provides a forum through which a wide variety of RCM-
related subjects are discussed, including the development and refinement of processes and tools
used to implement and sustain RCM programs.  One objective of the Working Group is the
exchange of technical information among personnel assigned to perform RCM.  Another
objective is to work in cooperation with all Navy maintenance organizations, other Department
of Defense agencies, academia, industry, and international armed forces and organizations to
standardize the RCM procedure and to share information for the benefit of all concerned.  The
Working Group is available to provide assistance to any program tasked with implementing and
sustaining an RCM program.

Each competency may issue additional specific guidance on their involvement in the RCM
process to supplement this guide. Recognizing specific competency responsibilities and
authority, this additional guidance will provide competency-unique data, criteria and analysis
techniques. Each competency specific process that is related to RCM shall be coordinated with
AIR-3.2 to ensure it properly supports the general RCM process.

2.2 RCM TEAM ESTABLISHMENT (MANAGEMENT, ANALYSIS,
SUSTAINMENT)

Establishment of an RCM team composed of the proper mix of personnel is paramount for
achieving a cost effective life cycle maintenance program.  The appropriate RCM team
membership ultimately depends on a program’s specific needs and organization.  Each
competency is responsible for providing individuals that are certified and empowered by the
governing competency to provide their competency-unique inputs to the RCM process.

The following managers should collectively identify the team of Government and contractor
personnel that will be responsible for developing and implementing the RCM Program Plan,
performing the initial RCM analysis, and sustaining the RCM Program:

∗ Program Manager, Air (PMA)

∗ Assistant Program Manager for Logistics (APML)

∗ Assistant Program Manager for Systems and Engineering (APMS&E)

∗ Fleet Support Team (FST) leader
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2.2.1 RCM Team Composition and Responsibilities

RCM team composition and responsibilities may include, but are not limited to, the following
personnel and organizations:

2.2.1.1 Program Management

∗ Program Manager - Obtains all funding needed to develop, execute, and sustain the RCM
program

∗ Assistant Program Manager, Logistics (APML) - Approves the RCM plan; ensures that
PM requirements are based on RCM in accordance with applicable instructions and that it
is correctly integrated into the maintenance planning process

∗ Assistant Program Manager, Systems and Engineering (APMS&E) - Supports
engineering requirements necessary to effectively conduct the RCM program

∗ System Safety Engineer – Supports hazard risk analysis

∗ Cost Analysis – Provides required program cost data

2.2.1.2 Fleet Support Team

∗ Leader and Sub-team Leaders - Manage assigned RCM team personnel

∗ RCM Implementation Manager - Serves as coordinator and approval authority for RCM
analyses as defined within their respective teams

∗ Reliability and Maintainability, Logistics, and Engineering personnel - Perform RCM and
data analysis

2.2.1.3 Competencies providing data and expertise in their fields may include:

∗ Design Interface and Maintenance Planning

∗ Air Vehicle Design and Integration

∗ Air Vehicle Structures

∗ Air Vehicle Systems

∗ Aircrew Systems

∗ Avionics

∗ Propulsion and Power

∗ Weapons

∗ Aircraft Launch and Recovery Equipment Engineering

∗ Support Equipment

2.2.1.4 Contractor or Original Equipment Manufacturer (OEM)

∗ Perform initial and/or sustaining RCM analysis and data collection in accordance with
FST/IPT and/or PMA/APML contracts
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2.2.1.5 Equipment Controlling Custodians, Operators, and Maintainers

∗ Provide in-service maintenance data, knowledge, and experience via FST/IPT interviews,
data requests, and active participation on RCM analysis.

∗ Provide in-service maintenance data via established maintenance data systems (Naval
Aviation Logistics Command Management Information System (NALCOMIS), FST
Depot databases, etc.)

∗ Provide recommendations for improvements to established maintenance data systems

∗ Provide assessment of maintenance requirements resulting from RCM analysis

2.2.2 Ancillary Support Requirements

The following personnel may be required for ancillary support, but are not necessarily included
in the RCM team composition:

∗ Information Technology (IT) personnel

∗ Budget personnel

∗ Contracts personnel

2.2.3 Knowledge and Skills Requirements

RCM team members, either individually or collectively, should possess the following knowledge
and skills in order to effectively develop an RCM plan, collect data, and perform and sustain the
RCM analysis:

∗ RCM decision logic

∗ Reliability and maintainability data analysis

∗ System supportability analysis

∗ Naval Aviation Maintenance Program (NAMP) policy and procedures

∗ Equipment functions, failures and maintenance processes

∗ Basic computer skills (project management, database development and management)

∗ Statistical techniques

∗ Structural analysis techniques

∗ Contracting

∗ Financial issues

∗ Inspection and equipment condition monitoring techniques (e.g., Prognosis and Health
Management (PHM), nondestructive inspection(NDI))
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2.3 SCOPE OF ANALYSIS

The analysis scope is the extent to which the RCM analysis will be applied to meet program
objectives.  It includes the selection of hardware items for analysis; the indenture level at which
analysis of the hardware will be performed; and the extent to which each item will be analyzed.
The scope of analysis depends on several factors.  These include, but are not limited to, the life
cycle phase, the quantity, quality, and validity of any prior analyses, the effectiveness of the
current maintenance program, and available resources.

The scope of the analysis drives the level of effort.  The scope can range from analyzing one or
two failure modes of an in-service item during the sustaining phase to performing a complete
analysis of all failure modes of a new item during its acquisition.  There are also many
intermediate levels of analysis between the two extremes. These include analyzing high cost or
high man-hour drivers, readiness degraders, current preventive maintenance (PM) tasks, or any
combination of these.

The scope of analysis can vary widely for an item with a significant service history.  For an in-
service item, the scope will be influenced by the quality and validity of prior analyses, the
effectiveness of the current maintenance program, and the resources available.  If a valid RCM
analysis exists, it may be used to reduce the workload of the new analysis.  An existing analysis
may be used in several ways.  Examples include limiting a new analysis to hardware that has no
prior analysis; updating an existing analysis to conform to new processes; to consider application
of new inspection or monitoring technology; or as a data source for a new analysis.  A
combination of these may be used to some advantage.  A hardware item with limited life
remaining may warrant analysis of only a few specific failure modes.  The availability of funding
and trained analysts will also be major factors in determining the analysis scope.

The intent of an RCM program for a new item is to ensure that appropriate levels of safety and
economy of operations are achieved.  This includes identifying areas for application of
technology such as NDI or PHM that would lead to lower life cycle costs.  An appropriate scope
of analysis for a new item design is, therefore, one that encompasses the entire item.

When any of the methods described above are used to limit the scope of an analysis, extreme
care must be taken to ensure that no safety or significant operational/economic issues are
overlooked.

2.3.1 Determining Scope of Analysis

The process for determining the scope of an RCM analysis can be summarized as follows:

∗ Identify program characteristics (e.g., life-cycle stage of end item, status and availability
of prior analyses, effectiveness of PM program, expectations from the application of
RCM)

∗ Identify analysis approach to include:

−  Hardware breakdown

−  Level of analysis

−  Hardware to be analyzed at the selected level
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−  Extent of analysis for each hardware item selected

2.3.2 Hardware Breakdown

A hardware breakdown is the logical division of an item into progressively smaller elements that
are decreasingly complex.  Typical hardware breakdown indenture levels, from the highest to the
lowest, are identified as end item, system, subsystem and sub-subsystem. The terms Weapon
Replaceable Assembly (WRA) and Shop Replaceable Assembly (SRA) are used in the
maintenance environment to refer to subsystems and sub-subsystems.  All of these levels need
not be defined for a given end item.  However, the hardware breakdown should be carried down
to at least the level at which the analysis will be initially performed.  Level of analysis is
discussed in more detail paragraph 2.3.3.

Clear boundaries of where an item begins and ends must be identified and documented in the
RCM Program Plan’s Ground Rules and Assumptions section.  For example, when preparing to
analyze a hydraulic flight control system, it must be determined where the flight control system
ends and where the hydraulic system begins.  To make this distinction, the system’s interfaces
must be clearly defined and logically established.  A typical division of the system would place
the actuator with the flight control system and the attaching tubing and connectors as
components of the hydraulic system.  The ultimate goal of this undertaking is to break down the
hardware into units that simplify the task of clearly identifying functions, functional failures and
failure modes.

The hardware breakdown provided in a Work Unit Code (WUC) manual is an excellent place to
start in developing a hardware breakdown.  A WUC breakdown may be useful as is, or it may
require some manipulation for more efficient analysis.  For example, a landing gear door may be
part of the fuselage in a WUC breakdown, but it might be more efficiently analyzed as part of the
landing gear system.  Other hardware breakdown systems, such as the Logistic Control Number
system and system diagrams from technical publications, may also provide useful starting points
for a hardware breakdown.  One advantage of using the WUC breakdown is that it can be applied
directly to the Maintenance and Material Management (3-M) System data.  If some other system
is used, it will have to be “mapped” to the WUC system before 3-M data can be accessed.
Conversely, system descriptions in technical publications often provide the best breakdown from
a functional description perspective.  Figure 2-2 illustrates an example of a hardware breakdown.
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SYSTEM  1B

AIRCRAFT
1

SYSTEM
1A

SYSTEM
1C

GEAR BOX
1B3B

CENT PUMP
1B3C

HYDRAULIC
PUMP  1B3D
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Figure 2-2  Hardware Breakdown Block Diagram

2.3.3 Level of Analysis

The level of analysis is the indenture level of the hardware at which the analysis will be
performed.  Although there is no “best” level to perform RCM analysis, there is usually an
optimum level.  The optimum level of analysis for a given item of hardware depends on several
factors.  These factors include whether a complete analysis or a limited analysis will be
performed, whether previous analyses exist (and to what level they were performed), and the
complexity of the item being analyzed.

Choose a level of analysis that will identify a manageable number of failure modes.  An analysis
performed at too high a level will likely become overwhelming.  As the effort advances from a
high level to progressively lower levels, the number of failure modes identified will multiply at
an exponential rate.  This eventually will have a stifling effect on the analysis.  If, on the other
hand, the analysis is started at a level that is too low, the failure modes identified, while not
being in great numbers, will tend to be less significant.  Therefore, most of them will not be
worthy of consideration in terms of their effects on the end item.

Relatively simple systems, such as aircraft oxygen systems, can be analyzed at the system level.
Complex systems, such as a flight control system or a landing gear system, may be better served
if they are analyzed at the subsystem level.  This does not apply necessarily in an instance where
an analysis has been done at some other indenture level, and the data from that effort will be
updated instead of performing a new analysis.

A limited analysis may be performed efficiently at lower levels, such as the subsystem or
component level, on specific hardware.  If this is the case, plan to approach the analysis in such a
way that it allows the effort to be expanded to a full analysis should the need arise. A preferred
approach to accomplish this is to identify functions at the system or subsystem level, then
analyze only failure modes of selected components within the selected subsystem.  This
approach may require a little more effort initially, but will save time if or when the complete
analysis is performed.

Some hardware may be analyzed at multiple levels to avoid analyzing redundant functions.  For
example, assume that an aircraft is being analyzed at the subsystem level.  Subsystems may
include the wing, forward fuselage, center fuselage, and aft fuselage.  Rather than analyzing the
functions of the paint on each of the subsystems, the paint functions could be analyzed at
airframe level while the remaining functions of the aircraft structure could be analyzed at
subsystem level (e.g., wing, forward fuselage).  Some complex items may also warrant analysis
at a lower level.  For example, a canopy may be identified as a subassembly of the forward
fuselage in the hardware breakdown, but may warrant separate analysis due to the number of
distinct functions it has which are clearly apart from the fuselage.  Information regarding
hardware analysis levels must be identified and documented in the Ground Rules and
Assumptions section of the RCM Program Plan.

2.3.4 Hardware Selection

Hardware selection is the determination of which hardware items in the hardware breakdown
will be analyzed.  If a complete analysis will be performed, hardware selection is simply
identifying all of the items at the selected level of analysis, minus any items that do not warrant
analysis.  When considering excluding hardware items from a complete analysis, extreme care
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and conservative judgement should be used to ensure that no items with a significant impact on
safety, operations, or cost are excluded.

Selecting hardware for a limited scope of analysis will require more consideration.  It will be
based on the item characteristics and analysis objectives.  A limited analysis may be
implemented to improve maintenance effectiveness on individual hardware items.  For example,
analysis may be applied to a number of cost or readiness drivers.  In this case, the hardware
selected would be those cost or readiness drivers, or higher level items that contain them
depending on the selected level of analysis.  Another objective of a limited analysis may be to
evaluate current PM requirements.  In this case, only hardware items with current PM
requirements would be selected. A limited analysis may also be implemented to evaluate the
insertion of new inspection/detection methods for specific hardware items. For a given RCM
program, hardware may be selected for any combination of reasons.

2.3.5 Extent of Analysis

The extent of analysis is the determination of how much analysis will be performed on each
selected hardware item.  This is usually accomplished by determining the failure modes or types
of failure modes that will be identified and analyzed through RCM analysis.  In a complete
analysis, all reasonably likely failure modes should be evaluated.  The term “reasonably likely”
is included to ensure that only those failure modes that meet some established probability of
occurrence are included.  This is typically accomplished using a system safety hazard severity
matrix.  This failure mode prioritization may exclude failure modes from the RCM analysis
based on their severity and occurrence.

Like the hardware selection process, the extent to which a limited analysis is conducted depends
on the item’s characteristics and analysis objectives.  If the purpose of a limited analysis is to
improve the reliability of an item to reduce cost or increase readiness, the analysis can be limited
to the failure modes that are responsible for the high cost or readiness impact.  If the objective of
the analysis is to review current PM tasks for effectiveness, it may be limited to the failure
modes at which the tasks are directed.

When determining the extent to which an analysis should be taken, it is often useful to define
sources of failure mode information, such as the following:

∗ Failures prevented by current PM tasks (e.g., Maintenance Requirement Card (MRC)
decks and Standard Depot Level Maintenance (SDLM) specifications)

∗ Failure modes that have not occurred, but are reasonably likely to occur based on the
analyst’s experience

∗ Organizational (O) and Intermediate (I) level failure modes from defect reports
(engineering investigations, hazardous material reports, bulletins, and mishap reports)

∗ Depot (D) level in-service failure modes (e.g., temporary engineering instructions, local
engineering specifications, and examination and evaluation  reports)

∗ O and I level failure database failure modes (e.g., 3-M data)

∗ Failure modes identified in corrosion prone areas

∗ Anecdotal failure modes from interviews with operators and maintainers

∗ High visibility failure modes (e.g., failure modes causing high cost or readiness issues)
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∗ Test result failure modes (e.g., failure modes from fatigue tests, component certification)

∗ Failure modes that may benefit from new inspection and detection technology

∗ Safety and safety hidden failure modes identified in schematic, block and reliability
diagrams

∗ Information regarding the extent of analysis required must be identified and documented
in the Ground Rules and Assumptions section of the RCM Program Plan.

2.4 GROUND RULES AND ASSUMPTIONS

The Ground Rules and Assumptions are a compilation of specific data and information contained
in the RCM Program Plan that is considered necessary for conducting RCM analyses.  It
includes:

∗ Standard operating procedures

∗ Data sources

∗ Analytical methods

∗ Cost-benefit analysis methods

∗ Analysis approaches to specific types of problems

∗ Default values

∗ Acceptable probabilities of failure for system safety failure modes, and

∗ Any other information that may be required to produce consistent and efficient analyses.

2.4.1 General Considerations

Considerations for inclusion in the Ground Rules and Assumptions are outlined below:

∗ Analysis thresholds (e.g., cost, failure rates, acceptable risks)

∗ Level of analysis

∗ Hardware breakdown and boundaries

∗ Analysis approach for interface items such as wiring and tubing

∗ Analysis approach for repairs and unique configurations

∗ Methods for dealing with directed maintenance tasks

∗ Process for addressing items that have a different cognizant engineering activity (such as
items used on several platforms)

∗ Methods for prioritizing analysis of failure modes

∗ Default values such as labor rates, utilization rates, design life, remaining program life,
acceptable probabilities of failure, conversion factors, minimum detectable flaw sizes,
and cost information
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∗ Sources for defining item nomenclature (e.g., illustrated parts breakdown manuals,
maintenance instruction manuals, drawings)

∗ What constitutes “normal duties” for the operator?  (e.g., duties such as those found in
Naval Air Training and Operating Procedures (NATOPS) checklists)

∗ Procedures for forwarding “Other Action” recommendations from the RCM analysis to
appropriate organizational elements

∗ Procedures for consideration of advanced inspection/detection techniques such as PHM
or NDI

∗ Procedures for documenting supporting information used during the analysis

2.4.2 Failure Modes, Effects, and Criticality Analysis (FMECA)

∗ Function identification data sources and methodologies

∗ Failure mode identification data sources and methodologies

∗ Mission or usage phases or profiles

∗ Failure detection methods

∗ Mean time between failure (MTBF) data sources and calculation methodologies

∗ Deviations from, clarifications to, or tailoring of current failure mode and effects analyses
guidance documents

∗ Severity classification list

∗ Methods for determining criticality (e.g., Risk Hazard Matrix)

2.4.3 Task Analysis

∗ Data sources and methodologies (including default methods) for calculating task intervals

∗ Data sources and methodologies (including default methods) for identifying potential to
functional failure intervals and wear-out ages

∗ Cost analysis data sources and methodologies

∗ Processes for determination of “Other Action” RCM recommendations

∗ Deviations from, clarifications to, or tailoring of current RCM guiding documents

Appendix A provides an example RCM Program Plan that contains Ground Rules and
Assumptions.

2.5 TRAINING

Training requirements should be defined in the RCM Program Plan.  RCM analyses must be
performed by properly trained and experienced personnel to ensure that it is accomplished
properly, and that the results can be accepted with confidence. Training should be viewed as an
ongoing effort throughout the life of the RCM program, encompassing formal courses as well as
on-the-job experience. Proper training of RCM analysis personnel and those who oversee the
process must be considered and acted on during the implementation of an RCM program.
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Training should focus, first, on educating team members to the theory of RCM, followed by its
application to real world situations.  RCM analysts may acquire the requisite theory from
training courses, but it is only after applying that knowledge to real world situations that they
become effective team members.

A period of mentoring is necessary to help new analysts transform their theoretical knowledge to
the practical skills that promote analytical proficiency.  During this time, the RCM
Implementation Manager or other experienced RCM analyst must provide guidance.  The mentor
must be closely involved with the work being performed by new analysts, giving feedback and
direction as required.  As the analyst becomes self-sufficient and proficient in performing the
tasks, the mentor’s direct involvement diminish.

An increasingly widespread use of various statistical methods in a broadening range of
disciplines has generated a number of courses that focus on particular analysis techniques used to
conduct RCM analyses.  These courses offer analysts ways to broaden their understanding and
further develop the skills needed to perform RCM analyses effectively.

All RCM program personnel should make every effort to keep up to date and informed of new
RCM developments, whether they are derived from Government sources or commercial
enterprises.  Additionally, the RCM Implementation Manager should identify any training
requirements that arise from new RCM developments and inform the appropriate Competency
that the training is needed.

2.5.1 Core RCM Training Courses

The RCM training provided by NAVAIR is tailored to several levels of knowledge and
experience.  NAVAIR 3.2 and NAVAIR 4.4 offer the following courses.

2.5.1.1 NAVAIR 3.2 Course Offering

The NAVAIR 3.2 RCM team at NAS Patuxent River offers an RCM analyst course and an RCM
management brief.

The RCM Analyst Course is a three-day offering that gives an initial view of such topics as the
RCM philosophy, history, and goals.  It introduces students to the basic analysis concepts and
terminology that are unique to RCM. The course includes a series of lectures, small-group
exercises, and a workshop that provide students with an opportunity to apply their newly learned
theory to actual analysis problems.  Participants are encouraged to share their knowledge of
RCM and relate prior experiences with fellow students.  The Integrated Reliability-Centered
Maintenance System (IRCMS) software, which most RCM programs will use to document their
RCM analyses, is also taught during this course. The course provides an excellent foundation
upon which analysts can continue to build their expertise through on-the-job RCM training and
experience.

The RCM Management Brief is a two-hour overview of the RCM process with its inputs and
outputs.  It provides a top-level view of RCM and, as such, it is intended for FST leaders, RCM
program implementation managers, and others who oversee the work required to develop,
implement and conduct an RCM program.  It provides a succinct view of how RCM affects the
Navy.
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2.5.1.2 NAVAIR 4.4 Course Offering

The Propulsion and Power (P&P) Competency offers a three-day course that introduces RCM
managers and analysts to the unique aspects of applying an RCM program to P&P items.

The course provides a P&P-tailored overview of the various maintenance philosophies, a P&P-
oriented RCM program, and system safety program and its role in RCM.  An in-depth discussion
is also provided on failure modes, failure distribution curves, and failure intervals.  Various
methods for establishing RCM metrics, calculating failure distribution curves, and calculating
failure intervals recommended for P&P RCM analysis are covered.  The last part of the course is
an exercise in performing RCM analysis using the information and methods provided in the
course.

2.5.2 Data Analysis Training

Statistical methods can be used to plot failure distributions, determine probabilities of failure at a
given time in the life cycle, and identify optimal task intervals based on safety or economic
concerns.  Courses are available in basic statistics, Weibull analysis, probabilistic methods, and
other analytical techniques from various sources.  The RCM Implementation Manager should be
well-versed in statistical analysis, and ensure that the RCM analysts can use the appropriate
methods when required.

2.5.3 Other Training Topics

The Air Vehicle Structures Competency offers a 10-day course in fatigue and fracture analysis
methods and criteria that are applicable to RCM analysis of structural components.  Aircraft
structural design and certification criteria are reviewed as well.

Courses in fracture mechanics and fatigue and wear characteristics can aid the RCM analyst in
determining things such as the PF interval.  These courses give the student an indication of what
can be looked for in an inspection, as well as how to determine the rate of degradation of an
item.

NDI is used to find cracks and other flaws that are too small to be spotted visually, or are
otherwise hidden from view.  An NDI course should be considered when the RCM analyst needs
this background to determine the efficacy of various NDI inspections (eddy current, dye
penetrant, etc.) as part of On Condition task development.

Prognosis and Health Management (PHM) Systems technology is relatively new.  Specific
training and access to experts in this field may be necessary for the RCM program to take
advantage of the benefits offered by these systems.  Systems or equipment not designed with
PHM capabilities in mind may still be able to take advantage of PHM technology through cost-
effective design changes or use of monitoring techniques using currently available sensors or
performance data.

Since RCM is a team effort, training in team building, effective team operations, presentation
and communication skills is beneficial.

2.6 RCM PROGRAM REPORTING

Providing the status of RCM-related efforts and accomplishments is important to the RCM
Program.  The RCM Program Plan should define the reports to be compiled and submitted on a
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periodic basis to the FST Leader, APML, PMA, and other designated recipients.  These reports
may include, but are not limited to:

∗ RCM Status - Summary of RCM analyses performed during the reporting period

∗ RCM Cost Avoidance - Summary of cost avoidance calculations associated with the
RCM analyses performed

∗ AE Status: - Summary of AE inspections and data, which was collected and analyzed
during the reporting period and the RCM results of those inspections

∗ Effectiveness metrics - Metrics reflecting maintenance program performance during the
reporting period

∗ Resource Status - Summary of resource expenditures against planned requirements

If RCM efforts are contracted, then appropriate contract data deliverable list items or other
deliverable products need to be specified in the contract SOW.

2.7 FUNDING REQUIREMENTS

Funding requirements for implementing an RCM program may be divided into two parts, the
initial analysis effort and the sustaining effort.

Funding requirements should be consistent with the RCM plan.  Consider, for example, the
following when estimating funding requirements:

∗ Number of failure modes to be analyzed

∗ Depth of the analysis to be conducted

∗ Scope of analysis

∗ Data availability

∗ Experience base of the RCM analysts

∗ Number of analysts available

∗ Timeframe for accomplishing the effort

∗ Status or condition of the FMECA

∗ Contractor versus organic effort

∗ In-service versus new program, etc.

Consideration should be given to the availability of funding, which may cause changes in
analysis scope, timeframe, etc.

Funding requirements for the initial analysis will be driven, largely, by the scope of analysis, as
described in Section 2.3.  When establishing the funding requirements for a given RCM program
plan, it may be beneficial to draw information from programs that have conducted similar
analyses.  The RCM Working Group Steering Committee may also be consulted to aid in this
effort.
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2.8 DATA SOURCES

Several data sources are useful for RCM purposes.  Sources range from fleet maintenance data
systems to specific engineering data that are available in the form of design reports, test result
reports, and engineering investigation reports.  The RCM program plan should identify data
sources to be used in the analysis.  The Ground Rules and Assumptions section of the RCM plan
is used to describe how various data sources can be used to support the different types of
analyses that will be encountered during the RCM process.

The RCM Program Plan should be used to identify special data that require additional efforts or
resources to obtain.  Examples of special data include manufacturer’s proprietary data,
production inspection records, vendor’s overhaul and rework data, test reports, engineering
studies, drawings, and computer modeling.

2.9 RCM PROGRAM METRICS

It is generally accepted that implementation of an RCM program increases the efficiency of a
maintenance program.  However, quantification of the improvement is necessary to evaluate its
success.  The RCM program must establish metrics in order to make meaningful assessments.
When performing an assessment, care must be taken to attribute only those successes and
failures that are directly related to the RCM process.

Established reporting methods are in place for making general assessments of effectiveness of
RCM programs for most in-service equipment.  These include parameters such as availability,
readiness, Mean Time Between Failures (MTBF), Total Ownership Cost (TOC), Direct
Maintenance Man-hours per Flight Hour (DMMH/FH), and Mean Time Between Removal
(MTBR).

2.10 IMPLEMENTATION OF RESULTS

A completed initial RCM analysis will produce a number of recommendations. These include
recommendations to allow certain items to operate to failure; recommendations to take some
Other Action when warranted, e.g., redesigning items, changing an operational or maintenance
procedures; and, finally, recommendations to implement a variety of PM tasks.

The process of implementing the results from the RCM analysis fall into two general areas: 1)
packaging and incorporating the recommended PM tasks into a preventive maintenance program,
and 2) taking steps to address “Other Action Warranted” recommendations.  Thought should be
given during the planning process as to how these two issues will be addressed.

Each PM task recommendation will have a discrete engineering task interval associated with it.
These PM task recommendations must be converted to a coherent maintenance program that
produces effective and efficient results.  While packaging intervals should not be determined
until after all of the analyses are complete, the processes and techniques used to develop the
packaged intervals should be identified during the RCM program planning process.  Section 4
provides information on packaging processes.

Implementation of Other Action Warranted recommendations must be addressed during the
RCM program planning process.  Most, if not all, Other Action Warranted tasks have specific
processes that require attention that falls outside the purview of the RCM program.  For example,
design changes require implementation through the Engineering Change Proposal process.  Any
external processes that can be foreseen as possibly requiring RCM analysis data should be
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addressed during the RCM program planning process and identified in the RCM program plan.
Section 4 of this manual provides additional information regarding the implementation of “Other
Action” recommendations that result from RCM analyses.

2.11 RCM PROGRAM SUSTAINMENT EFFORTS

To realize the full benefit of RCM, sustainment of an RCM program after completion of the
initial analysis is critical.  A one-time analysis will not provide an optimized PM program that
can be expected to extend over the life of a hardware program. There are two reasons for this.
First, the initial analysis will never be optimized since, in all likelihood, incomplete and
inaccurate data and assumptions were used in the decision-making process due to a lack of solid
data.  The second reason is that the hardware and its operating environment will likely change
over time.

An initial analysis is based on the best information available at the time.  However, no matter
how much data is collected, or how well it is screened and evaluated, some of it will, over time,
prove to be inaccurate or incomplete. The initial analysis will also be based on many
assumptions, some of which will prove to have been inaccurate. Other assumptions, which were
true initially, will become invalid as the hardware progresses through the various stages of its
lifecycle.

In addition to the analysis becoming out-dated by changing data and assumptions, the hardware
and its operating environment will likely change over time.  Hardware will be physically
modified to improve performance or to perform entirely new functions.  New demands may be
placed on equipment.  Users may operate equipment differently or in different environments.
Unless new equipment is continuously being procured, the average age of a population of
equipment will increase.  Finally, maintenance practices and available technology may change.

Due to the factors mentioned above, RCM analyses must be updated to address any changes that
affect the PM program.  These updates should be accomplished as changes occur.  The RCM
sustainment process should be thoroughly defined in a program’s RCM plan.  The RCM plan
should include the specific tasks that will be performed to ensure the RCM analysis is kept
current.  To carry out the RCM sustainment process, the RCM plan should also address, as a
minimum, the following issues:

∗ Funding requirements

∗ Data requirements

∗ Training requirements

∗ FST organization, responsibilities, and procedures related to the RCM program

Section 5 of this manual provides detailed descriptions of the types of tasks that are necessary to
properly sustain an RCM program.
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III RCM ANALYSIS PROCESS

3.1 INTRODUCTION

This section describes the RCM analysis process.  The RCM analysis process (highlighted in
black in Figure 3-1) includes performing a Failure Mode, Effects, and Criticality Analysis
(FMECA), selecting significant functions, and performing task evaluations and task selections.
Figure 3-1 also illustrates where the RCM analysis process fits in the overall RCM program.

Figure 3-1 RCM Process

RCM PLAN
Plan that describes how the RCM

program will be developed, implemented, and sustained
throughout the equipment’s life

Output : Guidance to RCM manager,
analysts, and other team members

Output : Individual analysis items

Output : Information on each reasonably
likely failure mode of the analysis item

Output : Identity of functions which are
significant enough to warrant further
analysis

Output : The preventive task(s) or other
actions that deal most effectively with
the failure mode

Output : PM requirements and
Identification of when action outside of
RCM is warranted

IMPLEMENTATION Things done to
apply the output of RCM to the maintenance
program

HARDWARE BREAKDOWN End
item is broken down to the level that the analysis
will take place

FEEDBACK In-service data
and operator/maintainer input

FMECA Analysis to determine how the analysis
item can fail, the effects of those failures, and other
failure information

RCM TASK SELECTION Analysis to
determine which solution is the most acceptable

RCM TASK EVALUATION Analysis
to determine what options are available that will
deal successfully with each mode of failure

SIGNIFICANT FUNCTION
SELECTION Analysis to determine whether
the failure of a function has significant effects on
safety, operations, or economics
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3.2 FAILURE MODE EFFECTS AND CRITICALITY ANALYSIS

The FMECA is a process used to identify and document the functions, functional failures, failure
modes and failure effects of an item.  It is used to determine the significance of functional
failures in terms of safety, environment, operations, and economics.  It further classifies the
severity of each failure effect according to established severity classification criteria, and
provides failure rate information.  Note that MIL_STD 1629 is canceled, but it contains useful
information on the FMECA process.

The FMECA starts with a hardware breakdown as described in paragraph 2.3.2.  The breakdown
shows the relationship of each item to other items and to higher or lower levels of indenture.

3.2.1 Function

A function is the intended purpose of an item as described by a required standard of
performance.  It is not necessarily what the item is capable of doing, as shown in the example
below.  A complete function description should include any specific performance limits (upper
and/or lower bounds).

Although most equipment is designed to perform a specific or single function, many systems
may perform multiple functions or have secondary functions.

An example of an item with multiple functions is an aircraft landing gear.  It supports the aircraft
ground load.  It retracts when the aircraft is airborne.  It extends when the aircraft is airborne.

Examples of secondary functions include the following:

∗ Provide fluid containment

∗ Provide environmental protection

∗ Provide warning indicators

∗ Provide control of the item

∗ Provide safety or protective features

∗ Provide structural support

Functions should not be combined because failure consequences tend to be different for each
function.  For example, two functions of an aircraft landing gear system are to “extend landing
gear” and to “retract landing gear.”  If the landing gear fails to extend, the aircraft will not be
able to land without significant damage.  However, if the landing gear fails to retract, the
consequence might be limited to the loss of a mission.

Example of a Function Description

A particular application requires a hydraulic pump that is capable of
providing 3000 psi +/-200 psi. A hydraulic pump that is rated for 4000
psi is chosen for the application.  A proper function description would
be:

“Provide hydraulic pressure of 3000 psi +/-200 psi”
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Information for determining functions can be drawn from several sources such as maintenance
manuals, drawings, and discussions with equipment operators, maintainers, and design
engineers.  Block diagrams for each indenture level being analyzed provide both functional and
reliability information.  They illustrate the operation and relationships of the functional entities
involved in the system’s use.

3.2.2 Functional Failure

A functional failure is defined as the inability of an item to perform a specific function within the
specified limits.  A functional failure may not necessarily be a complete loss of the function.

Proper functional failure descriptions are based on the function description.  Functional failures
will likely result in either reduced performance or total loss of the system.  Separate functional
failures should be listed where the effects of less than total loss of the function are different from
total loss.

Information for determining functional failures can be drawn from sources such as maintenance
manuals, drawings, and discussions with equipment operators, maintainers, and design
engineers.

3.2.2.1 Compensating Provisions

Compensating provisions are design provisions or operator actions that circumvent or mitigate
the effect of the functional failure.  The FMECA should include a detailed description of
compensating provisions for each functional failure if they exist.  Compensating provisions are
used to assist in determining the failure effects, severity, and consequences.

Information for determining compensating provisions can be obtained from sources such as
maintenance manuals, drawings, and discussions with equipment operators, maintainers, and
design engineers.

3.2.3 Failure Mode

A failure mode is a specific physical condition that causes a functional failure.  The failure mode
statement should include a description of the failure mechanism (e.g., fatigue) whenever
possible.  Many failure modes could be listed, but only failure modes that are “reasonable”

Examples of a Functional Failure Description

The function of a hydraulic pump is to provide 3000 psi +/-200 psi.  In
this example, it is also known that once the hydraulic pressure drops
below 1000 psi a certain critical component ceases to function.

Valid functional failures could be:

Pump provides more than 3200 psi

Pump provides between 1000 psi and 2800 psi

Pump provides less than 1000 psi

Pump provides no pressure
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should be identified.  The RCM program plan’s Ground Rules and Assumptions section will
define “reasonable.”  Failure mode statements should be as descriptive as possible to eliminate
confusion over what the failure mode is and where it occurs.  Failure modes should not be
combined because their rates of occurrence and consequences may be different and, therefore,
may require separate preventive tasks.

Refinement of the failure modes and their descriptions may be required as the analysis proceeds.
The analyst can choose to add more failure modes or expound on their descriptions, as necessary,
to facilitate the identification of specific inspection and failure detection methods.  This could be
done, for example, when applying the analysis process to PHM.   Care should be taken, however,
that this is done only when required; otherwise, the analysis could experience unnecessary cost
and delay.

The data available for identifying failure modes will vary depending on whether or not the item
has an existing service history.  Failure modes for items with an existing service history are
determined mainly from operators and maintainers and failure data that have been collected.
Descriptive failure data sources such as test reports, engineering investigation reports, hazardous
material reports, and depot estimator and evaluator write-ups are useful for determining the
failure modes of an item.  A review of Maintenance and Material Management (3-M) data is
useful to a lesser degree for identifying specific failure modes since, by design, the data is less
descriptive.  However, 3-M data may be used to identify the types of failure modes seen in-
service such as cracks, wear, etc.  It can be used as a check to support the notion that the failure
modes, which were identified from other sources, are complete.  Maintainers and operators who
have first hand experience with the equipment serve as another very useful source of specific
failure data.

Failure mode identification on new designs is more difficult.  Failure modes have to be inferred
from knowledge of the hardware design, general knowledge of how things fail, and experience
with similar equipment in similar applications.  Data sources will include technical data
(publications, drawings) and failure data sources mentioned above for similar equipment in
similar usage.  The context in which the equipment is operated should be carefully considered
when determining the applicability of generic reliability data.  Furthermore, data covering the
results of fatigue, reliability, developmental, and qualification testing are useful for items with or
without a service history.

The following list shows several other sources may be available for identifying failure modes:

∗ Naval Aviation Maintenance Discrepancy Reporting Program reports

∗ Aircraft Engine Management System reports

∗ Parts Life Tracking System reports

∗ Materials laboratory data and reports

∗ Failure Reporting and Corrective Action System reports

∗ Design drawings and maintenance manuals

∗ Depot artisans, design engineers, fleet support team members, vendors
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∗ Generic reliability data from sources such as MIL-HDBK-217, Reliability Prediction of
Electronic Equipment

3.2.4 Failure Effect

Failure effect is described as the impact that a functional failure has on the item under analysis,
the surrounding items, and the functional capability of the end item.  A failure effect should be
described in terms of physical damage, including both primary and secondary damage that may
occur.  It should also address the action required to mitigate the loss of the function during
operation.   Failure effects should be described as if no PM task is in place to prevent or find the
failure.

Failure effects are used in the RCM analysis process to determine the consequences of failures so
that appropriate PM tasks may be developed.  The consequences of failure adversely impact
personnel safety, the environment, mission accomplishment, and economics. To determine the
consequences of the failure, the analyst must identify the effect that the occurrence of a failure
mode has on the end item.  An understanding of how the occurrence of failure modes affect each
functional level of the hardware is essential for determining their effects on the end item.

Most FMECAs identify three levels of failure effects: local, next higher, end item.  Three levels
are usually sufficient for most analyses, but they may be added to or eliminated as required.

The failure effects listed should represent only the most severe “reasonable” effects.  The
Ground Rules and Assumptions section of the RCM program plan addresses what constitutes
“reasonable” for each program.  In general, if effects are possible, they should be listed.

When applying failure effects to protective devices, monitoring systems, advanced diagnostics
and PHM systems, consider the protected function as well as the protective function is in a failed
state.

Sources of information for identifying failure effects include maintenance manuals, defect
reports, drawings, contact with maintainers, depot artisans, designers, vendors, and materials
laboratories, various test results, and functional block diagrams.

Examples of a Proper Failure Mode Description

Crack in flange radius due to fatigue.
Leaking actuator due to worn seal.

Example of an Improper Failure Mode Description

Leaking actuator due to worn seal or cracked housing.
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3.2.5 Failure Detection

Failure detection is the means by which functional failures become evident and how their failure
modes are identified.  Failure detection methods fall into two categories: (1) those that are used
by the operator to detect functional failures or the effects of functional failures; and (2) those that
are employed by the maintenance technician to determine which failure mode occurred to cause
the functional failure.

The methods used by the operator to detect functional failures will vary from failure mode to
failure mode due to the different secondary damage that can be caused by each failure mode.
Failure detection methods used by the operator include visual warning signals (e.g., lights,
gauges), audible warning signals (e.g., horns, buzzers, recorded voice), and operational effects
(e.g., vibration, smoke, noise, loss of control).  This information is used in the RCM analysis
process to determine if the operator can detect the functional failure while performing normal
operational duties.

Failure modes that have occurred are normally exposed by maintenance technicians who use
troubleshooting techniques and procedures, which are not considered “normal operating duties”
of the operator.  Examples of failure mode detection methods include pressure tests, voltage
checks, visual inspections, NDI, and PHM systems that isolate failure modes automatically.

Sources of information for identifying failure detection methods include maintenance manuals,
operator manuals, drawings, maintainers, operators, depot artisans, designers, vendors, materials
laboratories, various test results, and functional block diagrams.

3.2.6 Severity Classifications

Severity classifications are assigned to failure modes based on the impacts of their failure effects
at the end item level.  Classifying failure modes in this manner provides a primary source for
determining the priority under which each should be addressed.  A description of the severity
classification method adopted by the program should be included in the Ground Rules and
Assumptions section of the RCM plan.

Examples of Failure Effects Descriptions

Local Effects: Pump leaks hydraulic fluid

Next Higher Effects: Hydraulic System pressure drops below 1000 psi / degraded
flight controls

End Effects: Mission abort

*********

Local Effects: Actuator does not provide required output force

Next Higher Effects: Loss of flight control surface function

End Effects: Loss of aircraft/crew
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3.2.7 Mean Time Between Failure (MTBF)

MTBF is a basic measure of reliability.  For RCM purposes, MTBF may be defined as the
inverse of the failure rate for a particular failure mode during a specific period.  The MTBF
values listed in a FMECA should be clearly defined to identify their sources and periods.  They
may be used in the RCM process for several reasons, including the following:

∗ Prioritize failure modes for analysis

∗ Determine Failure Finding task intervals

∗ Evaluate cost effectiveness of options to deal with failure modes

In the context of RCM, the MTBF values listed in a FMECA should be those that represent the
failure modes as if there are no PM tasks in place.  MTBF values are often calculated from in-
service data or vendor or manufacturer data.  Additionally, default MTBFs may be established
using known values from similar equipment, which has established MTBFs that are based on in-
service data.  When using this method, the values will have to be adjusted to compensate for the
influence that PM tasks have on the MTBFs.

Care should be taken when using in-service data to calculate MTBF for several reasons:

∗ When using 3-M data, failures will often have to be divided among several failure modes
since failures may be documented in several ways.  For example, they may documented
against a higher level assembly, or they may be documented at different locations on the
analyzed item, or they may represent several different failure modes within a given
malfunction code.

∗ The occurrence of one failure mode causes a corrective action that may, in turn, prevent
the occurrence of another failure mode.

∗ In-service data may include the effects of a current or past preventive action.  If a current
failure mode has a PM task in place, adjustment to the calculated MTBF to account for
that PM task is necessary.  For example:

−  When an On Condition task is in place, in-service data will include both potential
failure and functional failure information.  Therefore, the unadjusted MTBF
(influenced by the On Condition task) will be lower than the MTBF when no PM
task in place.

−  When a Hard Time task is in place, in-service data will not include failures that
would have occurred had the Hard Time task not been performed.  Therefore, the
unadjusted MTBF will be higher than the MTBF with no PM in place.

∗ Equipment design, operating environment, maintenance process, and other factors change
and may impact failure rates over time.

3.3 SIGNIFICANT FUNCTION SELECTION

A complex system is made up of a vast number of physical parts and components, each of which
is designed to perform a specific function or functions.  Failure of any of these may cause the
loss of function with the possibility of incurring secondary damage to other system components.
The consequences that these failures have on the end item (aircraft, weapon system, support
equipment, engine, etc.) vary over a wide range.  The consequences that result from some
failures present threats to safety or the environment, while others affect the operating capability
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of the end item. Other failures result in, and are confined to, economic impacts.  Finally, there
are those failures that present no significant consequences at all.  Functions whose failures
results in safety, environmental, operational or economic consequences are termed “Significant
Functions.”

Since every end item contains both “significant” and “non-significant” functions, some method
must be employed to segregate them.  The significant functions will be subjected to the RCM
process; non-significant functions will not.  The following paragraphs discuss the preferred
method for identifying significant items.  However, if a program has a method that is different
and unique to its application, then that method can be used. In any case, the method selected for
use should be described in the RCM program plan.

3.3.1 Significant Function (SF) Selection Logic

The RCM process provides a means through the SF Selection Logic to identify and segregate
significant functions and non-significant functions.  Figure 3-2, Significant Function Selection
Logic Diagram, illustrates the logic used in this process.

∗ Significant Function (SF) – A function whose failure will result in adverse consequences
with respect to safety, the environment, operations, or economics.

∗ Non-significant Function (NSF) – A function whose failure will have no adverse safety,
environmental, operational, or economic consequences.

3.3.1.1 SF Selection Logic Questions

The logic questions asked in the SF Selection Logic diagram apply to every function that has the
potential of being significant.  It is important to understand that an item may have more than one
function.  Each function must be evaluated separately.  It must be pointed out that the first
question in the logic flow that evokes a “YES” answer dictates that the function is significant,
thus negating the need to consider the remaining logic questions.  If, on the other hand, all of the
logic questions evoke a “NO” answer, then the function is considered non-significant, and,
therefore, requires no further analysis.  While answering any of these questions, consideration
must be given to all possible effects of failure modes for the function being analyzed. This
includes secondary damage (such as foreign object damage) that may not directly result from the
loss of the function.  In the case where secondary damage is the only effect that makes a function
significant, there may be a need to add a secondary function whose loss results directly in the
secondary damage.  The effects of losing this function would be the secondary damage.  For
example, many hardware components may cause foreign object damage if they become
unattached from their attach points.  The resulting damage may have nothing to do with the
actual system performance of the component or be much more severe than the loss of the subject
system.  This “secondary damage” could be addressed by adding the secondary function:
“Component xyz provides the means for secure attachment to the airframe.”

∗ Adverse Effect on Safety or Environment? - Does loss of the function or secondary
damage caused by a particular failure mode have an adverse effect on operating safety or
environment? “YES” indicates that the particular function is significant.

∗ Adverse Effect on Operations? – Does the loss of the function or secondary damage have
an adverse effect on operations?  “YES” indicates that the particular function is
significant.
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∗ Adverse Economic Impact? – Does the loss of the function or secondary damage have an
adverse economical impact?  “YES” indicates that the particular function is significant.

∗ Existing PM Task? -  Is the function protected by an existing PM task?  “YES” indicates
that the particular function or secondary damage is significant at this point in the process.
Further analysis may determine that the PM task was inappropriately included in the
maintenance program.  If new hardware is being analyzed, this question may be
addressed based on similar items used in similar applications.  This effort is simply to
identify functions to be analyzed and does not imply that the existing PM task is
appropriate or necessary.  Remember that it is the function that is run through the SF
Selection Logic process.

Figure 3-2 Significant Function Selection Logic Diagram

3.4 RCM DECISION LOGIC

The significant functions that were identified and substantiated by the SF Selection Logic
undergo further scrutiny as they are subjected to the RCM Decision Logic.  The RCM Decision
Logic is used to determine what types of actions are appropriate to either eliminate or lessen the
consequences of functional failures.  Every functional failure has one or more failure modes, any
of which, if allowed to occur, will result in a loss of function.  Each of these failure modes must
be processed through the Decision Logic to determine whether a PM task should be developed,
or if some other action might be warranted.  The goal here is to determine the best alternative for
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either preventing the functional failure altogether, or mitigating its consequences to an
acceptable level if it does occur.

The Decision Logic requires that the following be considered for each failure mode being
analyzed:

∗ Consequences of failure (safety, environmental, operational, economical)

∗ Evidence of a functional failure to the operating crews

∗ Evidence of reduced resistance to failure

∗ Age-reliability characteristics of each item

∗ Trade-off analyses comparing various appropriate PM tasks, no PM, or Other Actions for
optimum handling of a failure mode

The RCM Decision Logic Diagram, Figure 3-3, and its use will be discussed in the following
sections.

Figure 3-3 RCM Decision Logic
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3.4.1 Failure Consequences

The following three questions in the RCM Decision Logic determine which branch will be used
for assessing a particular failure mode to determine if a PM task is necessary or desired:

∗ Is the functional failure, or effect of the failure mode, on its own, evident to the operator
while performing normal duties?

∗ Does the occurrence of the failure mode cause a function loss or secondary damage that
could have an adverse effect on operating safety?

∗ Does the occurrence of the hidden failure mode in combination with a second failure or
event cause a function loss or secondary damage that could have an adverse effect on
operating safety?

Failure consequence evaluation is a two-step process.  First, functional failures are separated into
two categories: those that are evident to the crew or operator and those that are not.  For a
functional failure to be classified as “evident,” it must be evident to the operator on its own.  This
means that no other failure or event needs to occur to make the functional failure evident.
Systems are often designed with visual or audible warning devices to make failures evident.
Other failures are evident due strictly to their operational effects, for example, vibration or loss
of control.  The method of detecting a failure must also be part of the operator’s “normal duties”
in order for the failure to be classified as evident.  If the operator has to do anything outside the
normal procedures of operating the equipment to detect a failure. (e.g., remove panels during
equipment operation), the failure will be classified as “hidden.”

The second step in evaluating failure consequences is to separate, within the hidden and evident
categories, those failure modes that affect safety from those that do not.  Consideration should be
given to evident failures that have adverse impacts on safety resulting from the loss of function,
including any secondary damage that was caused by the occurrence of the failure mode.

When hidden failures are analyzed, the loss of function and any secondary damage caused by the
hidden failure, in combination with a second failure or event, are considered when determining
the safety impact of the failure.

3.4.2 Decision Logic Branches

The Decision Logic consists of the four branches listed below and as illustrated in Figure 3-3:

∗ Evident Safety/Environmental Consequences

∗ Evident Economic/Operational Consequences

∗ Hidden Economic/Operational Consequences

∗ Hidden Safety/Environmental Consequences

All four branches of the Decision Logic tree propose the following four types of PM tasks:
Service tasks, Lubrication tasks, On Condition tasks, and Hard Time tasks.  Two branches, the
Hidden Safety/Environmental Consequences and the Hidden Economic/Operational
Consequences, also contain proposals for Failure Finding tasks.
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3.5 TASK EVALUATION

Task Evaluation is the process used to determine which of several options is best suited to
prevent a failure mode from occurring or, if not preventing it, to reduce the consequence of its
failure to a level that is acceptable to the program.  Each option has unique criteria that determine
if the task is appropriate for the failure mode.

3.5.1 Servicing Task

A Servicing task entails the replenishment of consumables (e.g., fuel, oil, oxygen, and nitrogen)
which are depleted during normal operations.

Service tasks are scheduled according to need.  Service tasks do not require extensive analysis to
determine how often they should be performed.  They are typically performed according to the
manufacturer’s recommendations considering usage, environment, etc.  Sources of information
for determining when to perform Service tasks include equipment drawings, Original Equipment
Manufacturer (OEM), operator/maintainer inputs and maintenance publications

3.5.2 Lubrication Task

A Lubrication task is the application of a lubricant to components whose design specifies
lubrication for proper operation.  A Lubrication task is appropriate only if the lubricant to be
used is a non-permanent type and needs to be reapplied periodically.

Lubrication tasks are scheduled according to the life expectancy of the lubricant.  Since
Lubrication tasks are generally inexpensive to perform, extensive analyses to determine how
often they should be done are usually not warranted.  As with servicing tasks, intervals are
typically performed according to the manufacturer’s recommendations, scheduled with other
maintenance for convenience, driven by other activities such as aircraft wash, or considerations
such as usage, environment, etc.  Sources of this information include equipment drawings, OEM,
maintenance publications, operator/maintainer inputs and the lubricant manufacturer’s data.

3.5.3 Corrosion Preventive Compounds

The application of corrosion preventive compounds that require reapplication can be addressed
by a Servicing or Lubrication task.

3.5.4 Servicing/Lubrication Task Cost Analysis

The cost of the Servicing/Lubrication task must be calculated in order to compare this option to
other methods of dealing with the failure mode.

CSL = Cost Of One SL Task

= (man-hours to perform task) x (cost per man-hour) + cost of materials
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3.5.5 On Condition Task

An On Condition task is defined as a scheduled inspection that is designed to detect a potential
failure condition.  A potential failure is a definable and detectable condition that indicates that a
functional failure is in the process of occurring.  In the event that the inspection reveals a
potential failure condition, corrective action must be taken.  If the potential failure condition does
not exist, nothing is done, and the item continues in service.  The On Condition task includes
only the inspection phase of the maintenance evolution.  Any corrective action that results from
the inspection is outside the scope of the RCM analysis.

An On Condition task allows an item to be left in service until a potential failure is detected,
thereby maximizing its useful life while minimizing repair costs and the number of spares
required.  The complexity of On Condition tasks ranges from simple visual inspections to
complex non-destructive inspections requiring specialized equipment including imbedded PHM
systems.

3.5.5.1 On Condition Task Development

To develop an On Condition task, the following questions must be addressed:

∗ What will be defined as Functional Failure?

∗ What will be defined as Potential Failure?

∗ What is the Potential Failure to Functional Failure (PF) interval; how consistent is it?

∗ Can a task interval be developed that reduces the probability of failure to an acceptable
level?

Figure 3-4 illustrates these questions.
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Figure 3-4 On Condition Task Considerations



NAVAIR 00-25-403
01 February 2001

III-14

3.5.5.2 Identifying the Functional Failure Condition

When a function ceases to perform its normal or characteristic action(s) within the limits
specified by the user, a functional failure is said to have occurred.  The problem of determining
what constitutes a functional failure condition is generally less difficult than defining a potential
failure condition.  This is because when a function ceases to exist, something tangible and
measurable is lost to the operator; whereas, with the potential failure condition, functionality has
not been lost, and, therefore, is more difficult to define.  Functional failures are identified and
documented during failure mode and effects analyses, but potential failures are not considered
during these processes.

3.5.5.3 Identifying the Potential Failure Condition

The potential failure condition is a specific and detectable level of degradation.  A potential
failure condition can be defined anywhere on the degradation curve where it can be detected.
Setting the potential failure condition as the first indication of degradation will maximize the On
Condition task interval.  Defining the potential failure condition further down on the degradation
curve, i.e., closer to the functional failure condition, may allow the item to remain in service
longer, but requires inspections to be performed more frequently.  The potential failure condition
that is defined must be consistent with the failure detection technique being used. For example,
use an air gauge to check the pressure in a tire.

A failure mode may exhibit several different degradation characteristics that can be used to
reveal a potential failure condition.  For example, several valid potential failure indicators for the
failure mode “wear” could be specified. Among these are the amount of material lost through
wear, the level of vibration induced by a worn segment of a rotating component, or the intensity
of heat generated by friction associated with wear.  When deciding which characteristic to use as
an indicator of failure resistance, consider the length of the PF interval, the availability of
measuring equipment and, ultimately, the cost effectiveness of the resulting On Condition task.

3.5.5.4 Determining the PF Interval

Various methodologies are available for determining or estimating PF intervals; these include
laboratory testing, analytical methods, evaluation of in-service data, and engineering judgement
based on inputs from operators and maintainer, and knowledge of the item’s design and of
applications consisting of similar components. The method used to determine the PF interval
depends on the nature of the failure mode.

An Age Exploration (AE) task can be used in many cases to collect the data needed to refine a
PF interval when it is otherwise difficult to do so.  If a reasonable PF interval cannot be
determined, then some task other than an On Condition task must be considered.

The On Condition task interval is based largely on the PF interval.  Therefore, it is important to
understand that individual PF intervals will likely vary from item to item within a population of
like items.  For example, one item might exhibit a PF interval of 700 hours, another at 920 hours,
and still another at 650 hours.  When the PF interval is relatively consistent across the population
as in this case, it is easy to establish an interval that applies to every member of the population.
However, when individual PF intervals vary widely, it becomes more difficult to establish one
interval that can be applied to the entire population; but it may be possible to do so.  For failure
modes that result in safety evident or safety hidden consequences, the shortest PF interval of the
range should be selected.  The resulting On Condition task interval will appear conservative;
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however, the short PF interval is necessary in order to make the task interval apply to all
individual items.  If a lower limit for the PF interval cannot be determined, or if it is considered
to be too short for one type of degradation indicator, the On Condition task might be salvaged by
considering a different degradation indicator.  If this approach fails, then another type of task
should be considered.

3.5.5.5 On Condition Task Interval Development

The purpose of an On Condition task is to reduce the probability of functional failure to an
acceptable level by detecting potential failures before they progress to the functional failure
stage.  The PM task interval is determined by using some fraction of the PF interval.  This
fraction will depend on the consequences of failure.  This concept is sometimes represented by
the formula:

I = PF/n

Where:

   I = Inspection interval

PF = potential failure to functional failure interval

   n = number of inspections in the PF interval

For failure modes with safety consequences, the goal is to develop a task interval that will reduce
the probability of experiencing a failure to an acceptable level.  For failures that result in non-
safety consequences, the goal is to pursue the most cost-effective option.  Appendix B provides
some methods for determining task intervals.  The method(s) adopted for determining task
intervals should be documented in the program’s RCM plan.

3.5.5.6 On Condition Task Cost Analysis

The cost of the On Condition task must be calculated in order to compare this option to other
methods of dealing with the failure mode.

3.5.6 Hard Time Task

A Hard Time task is defined as the scheduled removal of an item or a restorative action at some
specified maximum age limit to prevent its functional failure.  A Hard Time task may be
appropriate when a failure mode does not exhibit characteristics that demonstrate an observable
reduction in failure resistance, or allow a PF interval that is long enough to permit an On
Condition task.  For some airframe structure and structural components, Hard Time tasks are
identified by AIR-4.3.3 and documented in NAVAIR Instructions 13120.1 and 13130.1 or
Service Life Bulletins.  Alteration of these existing Hard Time tasks requires AIR-4.3.3
approval.  Unlike an On Condition task, which allows corrective action to be performed when a
failure is impending, a Hard Time task removes or restores the item at a predetermined age

COC  =  cost of one inspection (includes cost of material, labor, etc., for inspection,
but not repair costs); or (man-hours to perform task) * (cost per man-hour)
+ cost of materials
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regardless of whether or not failure is impending.  After an item is removed by a Hard Time task,
it is either reworked or discarded.  If it is to be reworked, the item’s acceptable level of failure
resistance must be restored, and the item returned to service.  If the item is discarded, it is
replaced with a new item.

Although items that are to be reworked or discarded are treated differently once removed from
service, the hard time limits for both are determined using the same methods.  The RCM analysis
typically does not make a distinction between rework tasks and discard tasks.  How the item is
treated after it is removed from service is determined by its design and maintenance philosophy.

3.5.6.1 Hard Time Task Development

To develop a Hard Time task that can prevent a failure mode from occurring, three questions
must be addressed:

∗ What is an identifiable wear out age?

∗ What percentage of items survive to that wear out age?

∗ Can a task interval be developed that reduces the probability of failure to an acceptable
level?

3.5.6.2 Wear Out

Wear out is described as an increase in the conditional probability of failure with age.  Figure 3-5
shows a curve that exhibits wear out of an item.  Some items show a well-defined wear out
region, or wear-out age, where a significant increase in the conditional probability of failure
occurs.  Other items show a steadily increasing conditional probability of failure that may
support a hard time limit.

Figure 3-5 Wear Out Characteristics
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3.5.6.3 Survival to Wear Out Age

Task intervals for items exhibiting wear out characteristics typically are stated in terms of Life
Limits.  Two terms are used to distinguish between items having age-related life limits that affect
safety and those that impact economics only.  The terms are Safe Life Limit and Economic Life
Limit.

A Safe Life Limit item must survive to an age below which no failures are expected to occur.
This is illustrated by Figure 3-6.  Safe Life Limits are imposed only on items whose failure
modes have Safety consequences.

Figure 3-6 Safe Life Limits

Economic Life Limits are used for items whose failure modes have only Economic/Operational
consequences.  An Economic Life Limit is warranted for an item if it is cost-effective to remove
it before it fails.  Unlike Safe Life Limits, which are set conservatively to avoid all failures,
Economic Life Limits may be set liberally to maximize the item’s useful life and, therefore, may
add to the risk of an occasional failure.  Figure 3-7 illustrates the characteristics attributed to
Economic Life Limited items.

Figure 3-7 Economic Life Limit
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3.5.6.4 Hard Time Task Interval Development

The task interval chosen for a Hard Time task must ensure that in-service failures are reduced to
an acceptable level.  Hard Time task intervals are based on wear out age.

When safety is not involved, the resulting Hard Time task must cost less over the life of the end
item than allowing the item to fail in service.  For a PM task to be effective in preventing safety-
related failure modes, the actual probability of failure with the task in place, must be less than or
equal to the acceptable probability of failure.  Actual probability of failure may be determined
from a Conditional Probability of Failure Curve such as those shown in Figure 3-6 and Figure 3-
7.

Methods typically used to determine Hard Time task intervals include Weibull analysis, fatigue
analysis or tests, manufacturer’s recommended service life, existing effective maintenance task,
or engineering judgement based on similar components in similar applications. Appendix B
provides some methods for determining task intervals.  Hard Time task intervals for some
airframe structure and structural components are identified by AIR-4.3.3 and documented in
NAVAIR instructions 13120.1 and 13130.1 or Service Life Bulletins.  The alteration of Hard
Time task intervals for these components require AIR-4.3.3 approval.  The method(s) adopted
for determining task intervals should be documented in the program’s RCM plan.

3.5.6.5 Hard Time Task Cost Analysis

The cost of the hard time task must be calculated in order to compare this option to other
methods of dealing with the failure mode.

3.5.7 Failure Finding Task

A Failure Finding task is defined as the scheduled inspection of a hidden function item to find a
functional failure that has already occurred, but was not evident to the operating crew.  When an
item is subject to a functional failure that will not be evident to the operating crew, a scheduled
task is necessary to protect the availability of that function.  Failures of hidden functions that go
undetected increase the exposure to a possible multiple failure.  Therefore, Failure Finding tasks
are used to reduce the probability of multiple failure to an acceptable level.

3.5.7.1 Failure Finding Task Interval Development

For a Failure Finding task to be acceptable for Safety-Hidden consequence failure modes, the
probability of multiple failure with the Failure Finding task in place must be less than or equal to
the acceptable probability of failure, Pacc.  The probability of multiple failure, Pmf, is the product
of the probability of failure of the hidden function and the probability of failure of the function
whose failure would make the hidden failure evident.  As with the previously discussed tasks,
there are various methods of ensuring that the Pmf ≤ Pacc.  Appendix B provides some general

CHT = Cost Of One HT = Cost to perform one hard time task (AVDLR or new
cost)

= (man-hours to perform task) x (cost per man-hour) + cost of materials
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methods for determining task intervals.  The method(s) adopted for determining task intervals
should be documented in the program’s RCM plan.

3.5.7.2 Non-Safety Failure Modes

For Non-safety-Hidden consequence failure modes, the method used must ensure that the Failure
Finding task is cost-effective.  Again, the task interval can be determined in a number of ways.
The method(s) adopted should be documented in the program’s RCM plan.

3.5.7.3 Failure Finding Task Cost Analysis

The cost of the Failure Finding task must be calculated in order to compare this option to other
methods of dealing with the failure mode.

3.5.8 No PM

If safety is not involved, not performing PM may be the most appropriate option of dealing with
the functional failure.  In this case, the item is allowed to remain in operation until it fails.  When
safety is involved, however, the functional failure must be prevented.  This is accomplished by
either performing a PM task or taking some other action that is warranted.

3.5.8.1 “No PM” Cost Analysis

The cost of not doing PM must be calculated in order to compare this option to other methods of
dealing with the failure mode.

3.5.9 Other Action Warranted

If it is determined that an appropriate PM task cannot be developed that will reduce the
consequences of failure to an acceptable level, then some other action must be taken to deal with
them.  Several options, such as an item redesign, the introduction of operational restrictions, or a
change in maintenance procedures, can be applied to mitigate the problem.  At times, some other
action may be desirable even if a PM task is available.  This course of action would be
appropriate if a positive return on investment can be demonstrated in terms of, for example,
increased equipment availability, reduced cost, or reduced exposure to a hazardous condition.

CFF = Cost Of One Inspection = cost to perform one Failure Finding inspection.

= (Man-hours to perform task) x (cost per man-hour) + cost of materials

CR = Average Repair Cost.  Includes repairing the item and any secondary damage
caused by the failure.  For a hidden failure, be certain to include the cost of the
multiple failure.
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3.5.9.1 “Other Action Warranted” Cost Analysis

The cost of doing some other action must be calculated in order to compare this option to other
methods of dealing with the failure mode.

3.5.10 Age Exploration (AE)

Age Exploration is used to collect specific data from actual operational or testing environments
to optimize PM tasks whose processes, procedures and intervals were developed based on
assumptions or default methods during previous RCM analyses.

AE tasks can range from collecting specific in-service failure data to testing components under
laboratory conditions.  The RCM analysis process may be used to help assess the potential cost
effectiveness and prioritization of AE tasks.  A program’s RCM Plan should provide detailed
information on how to develop and implement AE tasks.

3.5.10.1 AE Task Development

AE task development involves many facets, each of which is required to collect the data that
allows analysts to make informed RCM decisions.  AE task development includes, among other
things:

∗ Designing the task, including task description, initial inspection interval, task interval,
task duration, and sample quantity

∗ Determining the level of maintenance and skills required to collect the data

∗ Performing a cost-benefit analysis to determine if the proposed AE task will be a
worthwhile effort

∗ Obtaining permission to implement the task at specific organizational activities

∗ Establishing lines of communication between the analyst and the data collector

Keep in mind that an AE task is not part of the regularly scheduled PM program.  As such, it
does not show up on a maintenance requirement card.  In most cases, however, an AE task may
be accomplished in concert with scheduled PM if it can be done without adding an undue burden
and disruption to the work being performed.  With this in mind, the task should be planned in
such a way that it minimizes any added burden.  Proper planning of AE tasks will also reduce the
impact on downtime.

There will be times when AE tasks and PM tasks cannot be performed concurrently.  When this
happens, equipment downtime will be extended by necessity.  It is important, therefore, that AE
tasks, particularly those that cannot be done concurrently with PM tasks, be designed as
efficiently as possible.

Another area of concern is the demand placed on maintenance resources by the addition of an
AE task.  Expenditure of resources must be balanced against the potential benefits of the AE
task.  An AE task should make use of existing support facilities, manpower and skills whenever

COA = Development and implementation cost of the “Other Action”
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possible.  AE tasks should be designed to eliminate the need for peculiar support equipment and
specialized technical training, if possible.

An AE task should be directed toward a specific failure mode, so task development depends on
the consequences of failure if the failure mode is allowed to occur.  A task that is developed to
collect data on a failure mode with safety consequences will be conducted differently from one
that is directed at a failure mode with non-safety consequences.

3.5.10.2 AE Tasks for Failure Modes with Safety Consequences

AE tasks that are designed to collect functional failure data for failure modes with safety
consequences must be done in such a way to ensure safety is not compromised.  When the data
required by an AE task calls for the item under investigation be operated to a functional failure
condition that presents a hazard to the operating crew, it may be conducted in a laboratory
environment.  These tasks, devised as engineering test-to-failure processes, are accomplished for
determining safe life limits on items where Hard Time tasks are being considered.

Safe life limits may be determined based on statistical analyses, often testing a sample of items
to failure.  Safe life limits are then established based on some factor below the mean age at
which the sampled items failed to ensure the risk of in-service failure is reduced to an acceptable
level.

AE tasks can be used to collect data on the reduction of failure resistance or degradation of items
that have safety consequences while the item is in operational use provided that potential failure
and functional failure limits have been set.  Data may be collected up to the point at which a
defined symptom is identified or the item must be removed.  For example, an AE task may be
used in the operational environment to determine the crack propagation rate for a damage
tolerant structure if care is taken to ensure that the item being studied never reaches the
functional failure condition.  An AE task should never be used in the operational environment to
validate the point of functional failure when the failure mode has safety consequence.  AE task
data that indicates no failures have occurred up to the time that an item is scheduled for removal
is not justification for increasing the removal interval.  If the item’s Hard Time removal age is
extended based on such evidence, the net effect is a reduction in the safety factor upon which the
Hard Time removal was originally established.  AE tasks that are accomplished in an operational
environment must be implemented with conservative AE inspection intervals to eliminate the
risks of failure.

3.5.10.3 AE Tasks for Failure Modes with Non-Safety Consequences

AE tasks that are designed to collect data on items whose loss may have a significant impact on
the intended mission or economics are treated differently from those that affect safety.  AE tasks
for such items generally can be performed while the equipment is fielded or by routine
monitoring of maintenance information systems; thus, controlled laboratory tasks or other off-
equipment tasks are not usually required.  This type of task may be conducted over a finite
period to determine the effectiveness of a Hard Time task by using analytical techniques such as
actuarial analyses or allowing the items sampled to fail while in service.  It also may be used to
evaluate the physical characteristics of equipment, such as observable failure indications, in
order to assess the technical feasibility of a PM task or to determine the true consequences of a
functional failure to the equipment.
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3.5.10.4 AE Sample Quantity

The sample quantity is the number of items that will be inspected or tested by the AE task.  The
sample quantity should be determined by statistical methods to ensure that the data collected is
adequate to accurately represent the entire population.  Conversely, the sample should be as
small as possible to reduce cost and operational impact while maintaining the desired confidence
level.  Sample quantities are normally determined through statistical analysis techniques such as
Hypergeometric, Weibull, or Poisson.

3.5.10.5 AE Task Selection

The overall safety, operational, and economic benefits of an AE task should be determined and
documented within the analysis as justification for performing the task.

3.6 RCM TASK SELECTION

The task evaluation process can produce three types of outputs that form options from which a
solution to deal with a failure mode can be generated:

∗ Perform PM(one or more of the various types of tasks)

∗ Allow the failure mode to occur, then take corrective action (no PM requirement)

∗ Take some other action, such as redesigning the item or modifying an operational or
maintenance procedure

The “best” solution for dealing with the failure mode is determined by comparing each of the
available options with the others.  If an option is not immediately available (such as redesign,
implementation of new technology, etc.), the analysis should evaluate currently available options
for implementation and then compare the chosen option against the potential for further
improvement.  If the action that is not immediately available is identified as preferred to the
options currently available, it should be identified as a desirable option, and pursued for later
implementation.

3.6.1 Basis for Decisions

The cost of each possible solution plays a significant part in determining which one is ultimately
selected.  Remember that at this point in the analysis each option has already been shown to
reduce the consequences of failure to an acceptable level.  A solution that contains any of these
options will meet the program’s criteria.  Since safety and mission have already been dealt with
at this point, considering cost is appropriate.  The best solution at this point will be determined
by the cost of executing that solution and the operational consequences that that solution will
have on the program’s maintenance operations.

3.6.1.1 Cost

There are several ways to compare the cost of each option.  The cost of options are typically
compared by normalizing them to a common unit such as cost per unit operating hour, cost per
flight hour, or cost per cycle.  Table 3-1 provides one such method that is used in the current
IRCMS software.  Costs can then be compared directly with one another to assist in making a
final decision.  A program may decide to use their own set of equations or methods for
comparing options.  If this is the case, document the method used in the RCM analysis.
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Regardless of the method chosen, ensure that the applicability and sensitivity of the method are
considered.

3.6.1.2 Operational Consequences

At times, the least expensive option will not be the best solution when the operational
consequences are taken into consideration.  A slightly less expensive option may require more
downtime and, therefore, may not be desirable.  If the operational impact is considered more
important, the more expensive task should be chosen.

The operational impact can sometimes be expressed in terms of added cost, and included in
determining the “cost” of the option.  At times, this is not feasible, and an operational
consequence must be considered separately from cost.  The program’s RCM plan should provide
additional guidance to assist in making these decisions.

       Option
Cost Per Unit Operating Time Equations Used In IRCMS
(Accessed using the Cost Analysis button on the EFM screen)

Note: Italicized items below are IRCMS field identifiers.

Service and
Lubrication

SLOP =  CSL / ISL

Where:

SLOP  = Service/lubrication task cost per operating time

   CSL = Cost Of One SL Task

    ISL = Either Preliminary Task Interval or Packaged Task Interval
(User selects which interval to use in the calculation)

On Condition

OCOP =   COC (L – II) / (IOC * L)  +   CR / MTBF

Where:

OCOP  = On-condition task cost per operating time

  COC  = Cost Of One Inspection  (Includes cost of material, labor, etc., for
inspection but not repair costs)

      L  = Item Design Life

      II = Initial Inspection Interval = Interval of time until the first
inspection

    IOC = Either Preliminary Task Interval or Packaged Task Interval
(User selects which interval to use in the calculation)

    CR  = Average Repair Cost.  Average cost of repairing all failures
(both potential and functional failures) assuming the inspection
is in place

MTBF = Mean time between failures

Table 3-1A IRCMS Cost Equations
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Hard Time

HTOP = CHT (S) / IHT + CR(1-S) / IHT

Where:

HTOP = Hard time task cost per operating time

  CHT = Cost Of One HT = Cost to perform one hard time task (AVDLR
or new cost)

      S = Percent Survive = Percentage of items that survive to the hard
time limit

   IHT = Either Preliminary Task Interval or Packaged Task Interval (User
selects which interval to use in the calculation)

      CR = Average Repair Cost - Average repair cost if HT task is not done
and unit fails

Failure Finding

FFOP = CFF / IFF  +  CR / MTBF

Where:

   FFOP = Failure Finding task cost per operating time

     CFF = Cost Of One Inspection = Cost to perform one Failure Finding
inspection

     IFF = Either Preliminary Task Interval or Packaged Task Interval
(User selects which interval to use in the calculation)

     CR = Average Repair Cost (Average cost of repairing the functional
failure)

MTBF = Mean time between failures

No PM

NOOP  = CR / MTBF

Where:

NOOP = “No PM” cost per operating time

    CR = Average Repair (Includes repairing the item and secondary
damage caused by the failure.  For hidden failures, be sure to
include the cost of multiple failures.

MTBF = MTBF of dual or multiple failures

Other Action

OAOP = COA / LR

Where:

OAOP = “Other action” cost per operating time

   COA = Development and implementation cost of the “Other Action”

     LR =  Remaining life of system

Table 3-1B IRCMS Cost Equations (continued)
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3.6.1.3 Cost Equation Limitations

The cost equations used in IRMCS are only approximations of actual cost and are based on
assumptions that may limit their applicability in specific situations.  Careful evaluation of these
limitations should be accomplished to ensure applicability of these methods.

One of the issues to consider in the use of these equations is the issue of MTBF.  MTBF should
be determined for a failure mode assuming no PM task is in place.  The On Condition and
Failure Finding cost equations use MTBF to approximate the mean time between corrective
actions (MTBCA) with the corresponding task in place.  Therefore, using a pre-calculated MTBF
such as that provided by the FMECA will introduce some degree of error.  In reality, the impact
should be small in most cases, such as:

∗ MTBCA for an item with an On Condition task in place will usually be lower than the
MTBF of the same item without a PM task.  If the PF interval is relatively short when
compared to MTBF, the MTBF and MTBCA should be similar, and the cost equation
should be reasonably accurate.  If the PF interval is significantly long when compared to
MTBF, using MTBF may cause the cost equation to significantly under estimate the
actual cost of the failure.  In these cases, MTBCA should be used in lieu of MTBF in this
cost equation.

∗ MTBCA for an item with a Failure Finding task in place will usually be higher than the
MTBF of the same item without a PM task.  If the failure finding interval is relatively
short when compared to MTBF, the MTBF and MTBCA should be similar, and the cost
equation should be reasonably accurate.  If the failure finding interval is a significant
percentage of MTBF, using MTBF will cause this cost equation to over estimate the
actual cost of the failure. If this under estimation is not acceptable, the MTBCA should
be used in lieu of MTBF in this cost equation.

3.7 SPECIAL CONSIDERATIONS

3.7.1 Prognosis and Health Management (PHM) Systems

Several protective and prognostic devices and systems (termed “PHM systems” throughout this
section) are available for integration into an item’s design.  They are capable of performing PM
tasks that traditionally have been done in a physical sense by technicians.  An understanding of
the functions and capabilities of PHM systems is necessary to ensure that traditional PM tasks
are not developed that replicates their functions.  PHM systems, themselves, must be analyzed to
reveal failure modes that will possibly require PM tasks.  As PHM systems become more
prevalent, their value in terms of reducing the time, resources, and costs of performing
conventional PM tasks, must be considered.  Installing PHM systems to replace conventional PM
tasks should be done only after clear benefits in safety, operations, or cost can be shown.  This is
true regardless of whether the devices are being applied to new acquisition designs or to in-
service equipment.  Finally, but no less important, consider the cost of implementing and
maintaining the additional PHM system or device.

State of the art PHM systems are capable of detecting potential failure conditions down to the
component or sub-element level.  They are also able to monitor the progression of chosen failure
mode indicators, e.g., heat, vibration, etc., to predict when functional failures will occur.
Through automated monitoring, a “prognosis” of the “health” of the component can be made.
Item degradation is monitored automatically as it progresses to a defined potential failure
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condition, at which time some maintenance action is warranted.  PHM systems essentially
perform “automatic” on-condition inspections at predefined intervals, which often are extremely
short or nearly continuous.  They use on-board sensors, algorithms, and diagnostics indicators (or
indices) that are sensitive and accurate enough to detect or predict the potential failure condition.
The effectiveness of these systems depends, to a large degree, on having a reliable database
consisting of similar types of “faults,” which can be used to establish failure progression rates
and proper thresholds for setting appropriate alarms or actions.

When developing a FMECA, any PHM system, which is used to monitor some aspect of the item
undergoing analysis, must be considered.  This will help ensure that compensating provisions,
failure detection methods, and failure effects are properly stated.  PHM systems may have failure
detection methods or compensating provisions that are different for potential failures than for
functional failures; therefore, care must be taken to identify the level of failure being monitored
or protected.

In deciding what functions are significant, remember that a PHM system may essentially be
performing an automated PM task.  When this is the case, ensure that the function protected by
the automated inspection or monitoring system is considered for inclusion in the analysis.

When identifying failure consequences, take care that PHM systems, which provide failure
detection, indication or prognosis of another system or item, are properly analyzed.  Failure of
the PHM system, itself, may not be obvious and, therefore, be “hidden.”  In essence, a hidden
failure may be eliminated from one system and added to another system by incorporating a PHM
system.

When evaluating servicing and lubrication tasks, keep in mind that some items may have PHM
systems, which are designed to automatically provide indications that the monitored
consumables need to be replenished.  Scheduled servicing and lubrication tasks do not require or
depend on scheduled events when these systems are installed.  PHM technology may also be
used to identify the need for lubrication based on sensed or derived information such as
vibration, heat generation, speed of actuation, etc.  Additionally, newer PHM technology may be
used to predict deterioration of corrosion protective and preventive material using corrosion
sensors.  These functions must be included in the RCM analysis with consideration given to what
the consequences will be if they fail.

PHM technology and systems introduce the potential for automated on condition inspections
through on- and off-board PHM systems.  They may be used to perform automated equipment
condition inspections through periodic or continuous sensing to detect the onset of potential
failure conditions.  An RCM analysis should be performed on the failure mode(s) to be
monitored to determine where and how this technology might be applied to new acquisitions.
The analysis can be used to some extent to calculate sensing sensitivities and frequencies to set
potential failure condition values.  The functions of PHM systems, themselves, must be
considered in the analysis to ensure that their inherently high levels of reliability are maintained.
Consider, also, the need to monitor the effectiveness of these systems during RCM sustainment.
This can be done by periodically validating that the assumptions and capabilities of the PHM
systems to predict failures are consistent with actual equipment conditions.

Some PHM systems with on-board sensors are designed to detect potential failure conditions by
performing On-Condition inspections.  These types of PHM systems could be used under
circumstances that preclude the use of conventional On Condition tasks; for example, when PF
intervals are too short.  The “inspection interval” for the PHM system is the rate at which
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equipment condition is sensed.  The sensing rate can be so fast that it is, for all practical
purposes, nearly continuous.  For this reason, PHM systems can instantaneously initiate
preventive or protective actions automatically.  For example, if a potential failure condition is
detected by a PHM system while the equipment is in operation, it can automatically switch to a
backup system, thus allowing the operation to continue without interruption.  The degraded
system can then be replaced after the mission is finished.

PHM systems may be used to automatically track the age or usage of components to promote
cost-effective management of Hard Time tasks.  In this context, however, they are not sensing
degradation, but merely usage.  PHM technology can reduce costs by automatically tracking age
and triggering replacement or restorative actions.  PHM systems can be used to reduce or
eliminate the dependence on manual tracking systems or tracking parameters that not are easily
tracked, such as actual power-on time.  Note that, in this context, the Hard Time task interval still
needs to be determined via RCM analysis.

In evaluating Failure-Finding tasks during an RCM analysis, PHM technology may be
considered as an alternative to physical inspections where it can be shown effective in reducing
costs or offering benefits with regard to safety or operations.  PHM technology in this context is
not sensing degradation, but actual functional failure of the monitored system.  When PHM
systems are incorporated into the equipment design, they must be included in the FMECA so that
their failure modes can be considered for RCM analysis.

Failure modes that are protected by PHM systems are prime candidates for being monitored
during the RCM sustainment phase.  There may be a need to validate the assumptions or
algorithms used initially to predict equipment condition by comparing them to the actual in-
service condition.  The methods chosen to conduct validation requirements should be based on
factors that include the degree of confidence in the sensing or predictive technology and the
consequences that will result if a PHM system fails.  Periodic sampling, fleet leader sampling,
and trend analyses often can be used effectively to gather this data during the RCM sustainment
phase.
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IV IMPLEMENTATION OF RCM ANALYSIS RESULTS

4.1 INTRODUCTION

Implementation of an RCM program encompasses much more than just performing analyses.
After the RCM task evaluation and selection processes have been accomplished, the resulting
outputs must be implemented before the program can receive any benefit from them.  The
actions required of the outputs from the RCM process will be evident in several forms, including
developing PM tasks, redesigning hardware, and modifying operating and maintenance processes
and procedures.  This section addresses the issues required to implement the results of an RCM
analysis.  Figure 4-1 illustrates where “implementation” is situated in the overall RCM program.

Figure 4-1 RCM Process Steps

RCM PLAN Plan that describes how the RCM
program will be developed, implemented, and sustained
throughout the equipment’s life Output : Guidance to RCM manager,

analysts, and other team members

Output : Individual analysis items

Output : Information on each reasonably
likely failure mode of the analysis item

Output : Identity of functions which are
significant enough to warrant further
analysis

Output : The preventive task(s) or other
actions that deal most effectively with
the failure mode

Output : PM requirements and
Identification of when action outside of
RCM is warranted

IMPLEMENTATION Things done to
apply the output of RCM to the maintenance
program

HARDWARE BREAKDOWN End
item is broken down to the level that the analysis
will take place

FEEDBACK In-service and
AE data

FMECA Analysis to determine how the analysis
item can fail, the effects of those failures, and other
failure information

RCM TASK SELECTION Analysis to
determine which solution is the most acceptable

RCM TASK EVALUATION Analysis
to determine what options are available that will
deal successfully with each mode of failure

SIGNIFICANT FUNCTION
SELECTION Analysis to determine whether
the failure of a function has significant effects on
safety, operations, or economics
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4.2 PACKAGING PM TASKS

Once all items within the scope of a project have been analyzed, it is necessary to package the
tasks into discreet work packages and intervals.  The packaging process is the mechanism by
which task frequencies and maintenance levels are adjusted.  A PM program that is packaged
properly is more cost effective than one that is not.

Prior to any packaging effort, the tasks that were produced from the RCM analyses should be
reviewed to verify that they are assigned using the proper metrics.  For example, the frequency
for inspecting brake lining for wear should be based on a function of use, e.g., brake application,
not calendar time.

4.2.1 Initial Packaging Strategy

4.2.1.1 Step 1 - Lay Out Tasks by Interval and Preliminary Maintenance Level

Once it has been verified that all maintenance requirements have been analyzed according to the
proper metric, it is prudent to structure them along a timeline.  It is best to include tasks at all
maintenance levels on the same timeline initially since, in effect, it will illustrate where
repackaging with another maintenance level is desirable.  An example of this is illustrated in
Figure 4-2.

Figure 4-2 Task Timeline

In building a timeline, it may be necessary to convert the metrics of some tasks in order to
organize them effectively.  Alternatively, it may be necessary to create multiple timelines with
different metrics.  Extreme care should be taken when converting a task from one metric to
another since the conversion is usually an approximation.  If a safety related task is converted to
another metric, the conversion must be based on the worst case scenario.  For example, assume
that the result of an RCM analysis indicates that it is necessary to inspect the bushings in a
rudder attachment fitting for wear every 500 flight hours.  If the average aircraft usage were 50
hours per month, simple arithmetic would suggest that inspecting for wear every 10 months is
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acceptable.  However, consider the two distributions of aircraft flight hours illustrated in Figure
4-3 and Figure 4-4.
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Figure 4-3 Narrow Distribution

Although the distributions differ significantly, the average utilization for both is 50 flight hours
per month.  In the case illustrated in Figure 4-3, an inspection every 10 months may be adequate.
This is due to the relatively consistent utilization of aircraft.

 Figure 4-4 Wide Distribution

Conversely, in the case illustrated in Figure 4-4, an inspection every 10 months means that many
aircraft will significantly exceed the 500 hour requirement and, in the worst case, one aircraft
will fly as long as 900 hours between inspections.  In this case, a decision to package the
inspection based on a calendar interval is clearly one that has the potential of increasing the
probability of failure above an acceptable level.
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4.2.1.2 Step 2 - Identify Logical Task Groupings

After the tasks have been laid out on a timeline, identify any natural task groupings that appear to
have common inspection intervals, common panel access, and common skill and maintenance
levels.  Spreadsheets are useful in simplifying this process.  Formulating task groupings in this
manner will help minimize equipment downtime and reduce the cost of implementing and
performing scheduled maintenance.  A method used to group tasks is illustrated in Figure 4-5.

Figure 4-5 Identifying Groups of Tasks

Once the natural groupings have been identified, it is necessary to determine which task(s) are
the least flexible in terms of adjustment.  In most cases, safety-related tasks dictate where the
groups should be packaged.  Safety-related tasks can only be performed at intervals that are less
than or equal to the interval that was derived from the RCM analysis.  Conversely, non-safety
tasks generally can be moved to facilitate desirable packaging. In most cases, optimizing the
packaging will offset any loss of efficiency incurred by changing the task interval.

Although not mandatory, it is advisable that packaged intervals be created using multiples of an
established base interval.  This will help reduce problems in tracking PM tasks by scheduling
them to coincide in the proper sequence throughout the entire inspection cycle.  Seven days is
commonly used as the base interval for tasks designed to address calendar-related failure modes.
Hourly inspections are typically done in 50-hour or 100-hour increments.  An example of a
completed initial packaging effort is illustrated below in Figure 4-6.
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Figure 4-6 Completed Initial Packaging Effort

4.2.2 Fitting Tasks Into Existing Packages

For systems with established maintenance programs, it is preferable to package new or updated
tasks into the existing maintenance intervals.  This tends to minimize, among other things, the
impact on maintenance, operational commitments, personnel staffing and training, and
publications.  However, just as with initial packaging efforts, the impact on task effectiveness
must be taken into account when packaging tasks at intervals other than what the RCM analysis
recommends.

In many cases, tasks will not fit conveniently into phase maintenance packages, so it is necessary
to create special inspections.  Examples of special inspections are 7-Day Specials, 14-Day
Specials, and 28-Day Specials. If there are large numbers of special inspections, particularly at
reasonably long intervals, it may be advisable to revisit the phase interval for a more effective
packaging method.

4.2.3 Repackaging

It may be necessary to periodically review PM task packages to verify that the tasks are
appropriate and the packaged intervals are justified.  Primary focus should be placed on the
individual tasks within the packages, concentrating on their effectiveness at achieving the desired
levels of reliability.  Poor reliability is an indication that tasks are ineffective or ill timed.
Verification of all tasks within the package will validate the packaged interval.

4.3 IMPLEMENTATION OF OTHER ACTIONS

Implementation of “Other Actions” can be divided into two distinct categories: those that require
mandatory action and those that are desirable but not urgently required.  While the solutions may
be similar for each category, the urgency with which they are dealt differs significantly.
Implementation of these Other Actions should be done so in accordance with the program’s
operating procedures.
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4.3.1 Mandatory Action

When an RCM analysis indicates that the desired reliability of an asset cannot be achieved with a
PM task, and allowing the item to fail is unacceptable, some Other Action must be taken.  This is
particularly true for failure modes whose occurrence will have an adverse affect on safety or the
environment.  As discussed previously in Section 3.5.9, several options can be used to correct the
deficiency.  The options include, among others, an item redesign, the incorporation of operating
restrictions, or modifying maintenance procedures.

It may be necessary to quickly alleviate an unacceptable condition for items that are in-service. If
this is the case, several possible alternative actions may be identified that can potentially correct
the problem and achieve the level of reliability required of the item.  When the selected
alternative action, for example, item redesign, is selected for implementation, and it is
determined that it will be a lengthy process, some interim action most likely will be required as a
temporary fix.  The interim action, itself, may be one of the options that was determined to be
feasible, though less desirable than the primary alternative, but it is one that can be implemented
without undue delay.  In most cases, the urgency is not as critical for items that have not yet been
put into service, so there is more time to implement the desirable primary option.

Final resolution of the appropriate action to be taken must be based on several factors.  These
include, but are not limited to the cost of the option, the ability to incorporate it, how well it will
perform, and the impact it will have on operations.  Since, the RCM analyst will often be unable
to determine the most suitable solution for failure modes requiring Other Action, the RCM
Program Implementation Manager will confer with program management representatives to
evaluate the problem and select the appropriate options.

4.3.2 Desirable Action

Some Other Action might be desirable when a PM task cannot be developed that would reduce
the consequences of a functional failure that affects operations or economics, but not safety or
the environment.  In this case, some Other Action is “desirable,” not mandatory.  The primary
benefit is an economic or operational improvement.  All options should be evaluated through a
cost-benefit analysis to determine which one offers the greatest return on investment.  Among
the issues that must be considered are such things as the cost of the options and the ability to
incorporate them.  Consideration also must be given to the performance of each option and their
impacts on operations.

4.4 IMPLEMENTATION OF AE TASKS

Data needed to make informed decisions are often not available when performing an RCM
analysis.  When this is the case, it becomes necessary to make assumptions.  The assumptions are
usually set conservatively.  When PM tasks are developed using these assumptions, they are
done so on a conservative basis.  This causes the tasks to be less than optimally effective, and, in
most cases, schedules them to be performed more often than necessary.  Age exploration tasks
are used to collect specific data from actual operational and test environments to replace the
assumptions that were made during the initial RCM analysis and PM task development efforts.
AE data may reveal the need to extend, shorten or, in some cases, eliminate PM tasks.
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The first step in developing an AE task is to define what information is being sought.  The
desired data must be defined in, as much detail as possible to quantify who should perform the
data collection and by what means the data should be gathered.  There are two general categories
of such data: data that are being collected and data that are not being collected.

For data that are being collected, it is only necessary to define the frequency at which it will be
reviewed and the duration of the effort.  The following methods are typically employed for this
type of AE task:

∗ Collect data from available sources such as the 3-M database or depot overhaul database

∗ Review data for serialized components in equipment history records (EHR)  (Direction
on the use of an EHR is provided in OPNAVINST 4790.2 and NAVAIRINST 4790.3
(series).)

For data that are not being collected, it is necessary to set up a task to collect specific data.  This
includes defining the frequency and duration of the task.  The method used to transmit data to the
fleet support team or the integrated program team should be defined. The following methods are
typically employed for this type of AE task:

∗ Sampling tasks that are carried out in conjunction with D-level maintenance

∗ Data collection through site visits to maintenance activities; verbal communication with
maintenance personnel

∗ Age Exploration Bulletins (AEB) - Specific direction for AEBs is given in NAVAIR-00-
25-300.  This method is used for direct data collection from O-level or contractor
maintenance organizations.

Data that are collected via AE tasks should be electronically stored for retrieval and use in future
analyses.  Digital photographs that illustrate problems or failure data anomalies are extremely
beneficial.

4.5 PERFORMING PM TASKS EARLY

Sometimes, the need arises to remove items from operation for some reason other
than scheduled maintenance.  When this occurs it might be advantageous to perform certain
PM tasks even though they will be performed sooner than their established task schedule
prescribes.  Engines, for example, are frequently reworked significantly once they have been
removed, regardless of the reason for removal.  This is because the cost and operational
impact of removing an engine is too high to forgo the immediate opportunity to perform PM
tasks that would otherwise require its removal again at some future date.  When an item is
removed earlier than scheduled, the maintainer must decide whether a specific PM task, or
possibly a group of PM tasks, should be performed in conjunction with the unscheduled
repair.  The operational and economic ramifications of performing the PM tasks early should
be considered when making this decision.  To assist in making these decisions, programs
should establish guidelines for deciding whether performing PM tasks earlier than scheduled
will be beneficial.  Several programs have established guidelines using, among others, the
following techniques:

- Survey item operators to determine the minimum operating time that must be
remaining between the unscheduled removal and the scheduled removal that will allow
operational commitments to be met.  If it is determined that less than the required minimum
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time remains between the two removal actions, then the PM task, or group of PM tasks,
should be performed.

- Determine the total cost of performing the PM tasks, including the cost of
removing and replacing the item to gain access to the components being inspected or
replaced.  If the cost of the unscheduled repair of this item exceeds the cost of performing the
PM tasks, then the PM task, or group of PM tasks, should be performed.
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V SUSTAINMENT OF RCM PROGRAM

5.1 INTRODUCTION

A PM program that is based on the RCM philosophy must be dynamic.  This is especially true
during the early stages of a new program when it is based on limited information.  Maintenance
organizations must therefore be prepared to collect, analyze, review and respond to in-service
data throughout the operating life of the equipment in order to continually refine the PM
program.  The procedures and processes used to monitor, analyze, update, and refine the PM
program through RCM analyses will sustain the program.  They should be identified in the RCM
Program Plan.  This dynamic process is depicted in Figure 5-1 below.

Figure 5-1 RCM Closed Loop Dynamic Process

The basis for the decisions made during an RCM analysis change continuously as the program
experiences growth and maturity, which is brought about by time, use, modifications, updates,
etc.  Because of this, review and refinement of the PM program must be an ongoing process.  It
requires an organized information system that provides a means to conduct surveillance of items
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under actual operating conditions.  The information is collected for two purposes.  First, it is
used to determine what refinements and modifications need to be made to the initial PM program
(including task interval adjustments).  Secondly, it is used for collecting data to determine the
need for taking some other action, such as product improvement or making operational changes.
These two purposes are met by monitoring and adjusting existing maintenance tasks, developing
emergent requirements, and periodically assessing RCM-generated maintenance requirements.
Analysts use this new information to revise RCM analyses, which subsequently may reflect a
need for changes to the PM program.

5.2 SUSTAINING THE ANALYSIS

The objective of the sustainment process is to continually monitor and optimize the current PM
program, delete unnecessary requirements, identify adverse failure trends, address new failure
modes, and improve the overall efficiency and effectiveness of the RCM and PM programs.
Sustainment efforts should be structured such that the results can be effectively used to support
RCM analysis updates.  The process of monitoring existing maintenance tasks entails reviewing
the many sources of task effectiveness information and maintaining accurate and efficient
analysis data.  The types of efforts used in the RCM sustainment process include Top Degrader
Analyses, Trend Analyses, PM Requirements Document Reviews, Task Packaging Reviews,
Fleet Leader programs, Age Exploration (AE) tasks, and handling the day-to-day emergent
issues.

5.2.1 Top Degrader Analysis

Top degrader ranking indicates which items are having the highest operational or cost impact.
Top degrader measurement factors include the following:

∗ Maintenance man-hours (MMH)

∗ Maintenance man-hours per flight hour (MMH/FH)

∗ Equipment downtime

∗ Non-mission capable (NMC) rates

∗ Maintenance actions per flight hour

∗ Weapon uploads/downloads

∗ Aviation Depot Level Repairable (AVDLR) cost

The identification of top degraders usually entails detailed data analyses, and interface with
operators and maintainers.  This type of analysis identifies only the worst performing items, not
those that are in the process of degradation.  Some items may appear on a top degrader report
because of their nature and use, e.g., tires and brakes.  Further analyses of these items may not be
necessary.  The RCM analyses for items that are deemed problematic should be reviewed and
updated as necessary.  Figures 5-2 and 5-3 are examples of top degrader reports that were
derived from various equipment condition analysis (ECA) reports using 3-M data.
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    TOP DEGRADER RANK

SUBSYSTEM/ITEM WUC
FAILURE

DESCRIPTION
MOD

DECRIPTION
EXISTING
MTBF (FH)

NEW
MTBF
(FH)

FLEET
COST

VERIFIED
FAILURES
DAY/NITE

O/I
HR

O
HR

B
C
M

A
V
D
L
R

N
M
C
S

P
M
C
S

FUSELAGE DOORS 1121A
111AA
1115A
1112G
1113G

Worn Airloc
fasteners and
receptacles
resulting in
extensive
maintenance and
TFOAs

Replace the
existing Airloc
fasteners and
receptacles with
ones with
improved
retention

6324 430 2848
1301
1559

3    /    5 18 9

FUSELAGE HEAT
SHIELDS

111AE Cracking resulting in
extensive
maintenance repair

Redesign
increases
thickness and
remove stress
concentrations

101.86 100 17773 4    /    2 16 9 9

BRU36A BOMB RACK 754CJ Corrosion on
numerous
components
resulting in jamming

Replace with the
more reliable F-
18 BRU-32 Bomb
Rack

5821 400 6015 3    /    10 23 14

CANOPY OPEN/CLOSE
MECHANISM

11267 Worn rollers, latches
and mechanism
resulting in in-flight
openings

Redesign with
improved
materials and
tolerances

12127 500 18640 8    /    14 14 15

Figure 5-2 Example Top Degrader Analysis

Figure 5-3 Excerpt from Readiness and Cost Degrader Database
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5.2.2 Trend Analysis

A trend analysis provides an indication of systems or components that may be problems in the
future.  The measurement factors used for trending may be the same as those used for top
degraders.  When performing trend analyses, however, it is the change in value, rather than the
values themselves, that is important.

Trend analyses may be performed using statistical measures such as mean and standard
deviations to establish performance baselines and comparing current performance levels to
established control levels.  Performance parameters can then be monitored to identify and
investigate the causes of those that exceed the control limits.  After the problem has been
characterized, the related RCM analysis should be reviewed and updated as necessary.  Other
corrective action should also be considered, if necessary, to alleviate the causes of performance
deviations.  An example of trending analysis is shown in Figure 5-4.

Figure 5-4 Example Top Degrader Trending Analysis

5.2.3 PM Requirements Document Reviews

A review of documents that contain PM requirements should be accomplished periodically to
reveal outdated maintenance processes, techniques or technologies, or to bring attention to
obsolete tools and outdated supplies.  Document reviews provide opportunities to update PM
requirements that will improve effectiveness or lower lifecycle costs.  Examples of opportunities
afforded by this type of review include, incorporating new non-destructive inspection techniques
or applying advanced PHM sensor technology that detects smaller flaws or monitors growth
rates allowing longer (or possibly eliminating) periodic inspection intervals. Other examples
include replacing older technology materials, such as paints or sealants with less environmentally
hazardous or less expensive ones reducing maintenance costs. Issues affecting material selection
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should be coordinated with and supported by local materials laboratory personnel. Fleet
representation should be included in document reviews to address ineffective maintenance tasks
and current or emergent issues that have been identified.

The following types of documents should be reviewed:

∗ Maintenance Requirement Cards (MRCs)

∗ Depot Level Maintenance Specifications

∗ Maintenance instruction manuals, (for PM procedures that accompany corrective
maintenance tasks)

5.2.4 Task Packaging Reviews

Task packaging is the process of incorporating a number of PM tasks, each of which has a
discrete engineering interval, into optimum uniform intervals, such as a 550-hour phase
inspection or 56-day corrosion cycle.  When PM tasks are modified and updated, they continue
to be placed back into the same packaged intervals.  Due to changes over time, the original
packaged interval may no longer be optimal.  Task packaging reviews should be conducted
periodically to evaluate the packaged maintenance intervals to ensure that as maintenance tasks
are added, deleted, or modified, optimum packaged intervals are maintained.  The cumulative
effect that packaging changes pose to the PM program should be evaluated prior to implementing
them.

5.2.5 Fleet Leader Programs

A fleet leader program is used to detect the onset of system or component failures that were not
expected to occur when the original reliability predictions were established.  The objective of
this program is to identify specific problem areas and to periodically inspect these areas on one
or more “fleet leader,” or most used assets.  The fleet leader program may also include specific
AE tasks.

Specific requirements for this program should be developed as RCM analyses are completed.  Fleet
leader inspections should first consider using "opportunity" inspections.  For example, FST
engineers may participate on a “not to interfere” basis with the first phase inspection of the first one
or two aircraft to reach multiples of 1000 flight hours.  If the fleet leader task is accomplished in
conjunction with depot maintenance, it may be supported by regular visits to the depot line by FST
personnel.

5.2.6 Age Exploration Tasks

An AE task may be designed and implemented when insufficient data necessitated the use of
assumed data during an initial RCM analysis.  AE task data are fed back to the analyst for use in
updating the RCM analysis. The requirements for AE task become evident during the RCM
analysis.  AE is covered in detail in Section 3.  The RCM Program Plan should provide guidance
for implementing AE tasks.

5.2.7 Emergent Issues

An RCM program must establish a process to deal with emergent issues and unpredicted events,
and determine the appropriate response or corrective action.  Emergent issues may need to be
analyzed via the RCM process.  An example of such a process is shown in Figure 5-5.
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Figure 5-5 Example of Process to Address Emergent Issues

5.2.7.1 Problem Assessment

The cause of the emergent issue needs to be identified.  Performing engineering investigations
and conducting interviews with maintainers and operators are examples of methods of assessing
problems.

5.2.7.2 Non-RCM Corrective Action

The emergent issues may be addressed by corrective actions for which an RCM analysis is not
required.  Technical publication changes and design changes are examples of non-RCM
corrective actions.

5.2.7.3 Interim Action

The preliminary analysis may sometimes reveal problems that may need immediate attention due
to safety concerns or other programmatic requirements.  Examples of interim actions include
issuing inspection bulletins, applying temporary operational restrictions, and implementing
operating safety measures.

5.2.7.4 RCM Review

The results produced from reviewing an RCM analysis will be a factor that should be considered
in determining a response to that problem.  Therefore, it is imperative that an RCM review be
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part of the overall methodology.  The RCM review and update, if necessary, will determine if
changes in PM requirements are necessary.  It will indirectly aid in determining if one-time
inspections (bulletin), redesigns (ECP), maintenance process changes, or other corrective actions
are necessary.  Decisions not to update the RCM analysis should be documented for audit
purposes.  The RCM review should address questions such as the following:

∗ Is the failure mode already covered?

∗ Are the failure consequences correct?

∗ Is the reliability data accurate?

∗ Is the existing task  (or requirement for no task) adequate?

∗ Are the related costs accurate?

5.2.7.5 RCM Update

The RCM analysis should be updated when new failure modes or failure modes previously
thought unlikely to occur are determined to be significant.  The existing analysis for a failure
mode may also be determined to be incorrect or inadequate.  Inadequate analyses can result for
any number of reasons, such as revision of mission requirements or changes to operator or
maintainer procedures.

5.2.7.6 Sources of Emergent Issues

Several sources are available from which emergent issues can be identified.  These include,
among others, the following:

∗ Defect Reports – This process historically has been the primary responsibility of
maintenance engineering activities.  In addition to RCM analyses, other analyses and
investigations must be performed.  While not formally part of the RCM process, these
analyses and investigations are related to the RCM process.

−  Failures and other problems are reported through various means, each requiring a
specific type of response.  Examples include requests for engineering investigations
(EI), Hazardous Material Reports (HMR), Quality Deficiency Reports (QDR),
Technical Publications Deficiency Reports (TPDR), and mishap investigation reports.
Specific requirements for each process are provided in OPNAVINST 4790.2 (series).

∗ Depot Discrepancy Reports – Defects discovered during Depot level inspections are
provided in the form of Standard Depot Level Maintenance (SDLM), Aircraft Service
Period Adjustment (ASPA), and Integrated Maintenance Concept (IMC) discrepancy
reports or other reporting processes.  All scheduled and unscheduled D-level inspections
and rework/overhaul efforts should provide feedback to the RCM process.

∗ Vendor and Original Equipment Manufacturer (OEM) Discrepancy Reports – All
scheduled and unscheduled vendor and OEM inspections and rework or overhaul efforts
should provide feedback to the RCM process.  Special effort may be required to obtain
this data through contractual actions, vendor visits, etc.

∗ Local Maintenance Requirement Cards (MRC) – In accordance with OPNAVINST
4790.2 (series), operating activities are required to submit locally-generated MRCs to
FST personnel for assessment.  All local MRC recommendations should be justified via
the RCM decision logic process before fleet-wide implementation.
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∗ RCM Updates Due to Design Changes – Design changes may be driven by a variety of
factors including a redesign decision from the RCM logic.  Regardless of whether or not
a design change is driven by RCM analysis, a review and update of the analysis may be
required.  The design change, which may be in the form of a single item change or a
major system modification, will be implemented through the ECP process.  An
assessment of the impact on supportability should be an integral part of any proposed
design change.  RCM analysis reviews or updates should be accomplished as part of the
design change process in order to assess any impact on the maintenance program.

∗ RCM Updates Due to Test Results –  Results of tests such as fatigue tests, certification
tests, and test performed during item failure investigations may require RCM review and
update in much the same manner as in-service failures.  Test data may also be used in the
course of an RCM review or update that was initiated by some other event.

−  If tests are initiated to extend the service life of assets, an RCM analysis update is
required to implement the changes resulting from the tests.  These results may affect
not only the item under test, but might extend to other items if the overall service life
of the asset or end item is extended beyond the assumptions made in the original
analysis.

5.3 RESULTS OF SUSTAINING EFFORTS

The sustaining efforts discussed above may require changes to the RCM analysis or existing PM
tasks.  Possible changes to maintenance requirements include adjusting maintenance intervals,
modifying PM task procedures, and modifying AE tasks.  Other changes that might result from
sustaining efforts include, for example, redesign recommendations or operational restrictions.

It may be found that an existing maintenance task is not being performed at the most effective
interval.  Information collected through sustaining efforts may provide the data needed to refine
the assumptions that were used to establish the interval during the initial RCM analysis.  By
applying the new data to the RCM analysis, the PM task interval can be adjusted to improve its
effectiveness.

Sustaining efforts may also identify the need to add, delete, or modify PM tasks.  This could be,
for example, changing an inspection method or material, adding or deleting requirements, or
changing the type of PM task altogether, e.g., going from an On Condition inspection to a Hard
Time removal.  The results should be used to update the RCM analysis to accomplish these
changes.

Sustaining efforts may also generate a requirement to modify AE tasks that are in place.  The
task modification may be as simple as changing the number of samples which will undergo
analysis or as complex as rewriting the inspection task and data recording process.  An effective
RCM program will necessarily impose frequent change to the AE program, such as adding new
AE candidates, deleting completed or unproductive tasks, changing sample sizes, or adjusting
task intervals.

5.4 ASSESSMENT OF RCM PROGRAM EFFECTIVENESS

The essential performance metrics identified in the RCM Program Plan should be monitored to
measure the effectiveness of the RCM Program.  The RCM analyses should have established the
units of performance measurement for the items under evaluation.  For example, if an RCM
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analysis assumes that bearing wear is a function of operating cycles, it would be prudent to track
failures or removals as a function of operating cycles during the sustaining analyses.

The feedback from effectiveness assessments can be used to provide justification for the
continued application of RCM to appropriate program managers and higher authorities.
Examples of effectiveness metrics are cost avoidance, maintenance performed, and operational
readiness.

5.4.1 Cost Avoidance

Cost avoidance compares the operational cost related to the original maintenance or reliability of
an item with the operational cost that result after the application of an RCM analysis.  The RCM
analysis may offer any of several alternative solutions.  For example, it could recommend the
addition of a new task or deletion of the existing PM task. Additionally, substantial cost
avoidance could be realized by optimizing the existing task by adjusting the interval, modifying
the procedure, or recommending a redesign.  An example of the documentation used when
assessing cost avoidance is shown in Figure 5-6.

5.4.2 Maintenance Performed

The man-hours expended in performing scheduled and unscheduled maintenance may provide an
indication of the maintenance program’s effectiveness.  Comparison of man-hours consumed
prior to implementation of RCM-generated PM tasks with man-hours used afterward may
identify opportunities for improving the program.

5.4.3 Operational Readiness

The availability of the end item may be an indication of the effectiveness of the RCM-generated
maintenance tasks.  Items that had been operating without benefit of PM may have required
extensive unscheduled (corrective) maintenance, which significantly impacted availability.
Other items may have been “over maintained,” also impacting availability.  Compare the
readiness of the end item before and after implementation of RCM-generated tasks to determine
the effectiveness of the changes.
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Figure 5-6 Example of a Cost Avoidance Document

5.4.4 Other Parameters

A review of other parameters before and after a change generated by the RCM program may
provide an indication of its effectiveness.  Some of these parameters may include unscheduled
removal rates, abort rates, and BCM rates.
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1 INTRODUCTION

On March 25, 1999, the E-2C Aircraft Program transitioned to the Integrated Maintenance
Concept (IMC).  This transition was possible only after an in-depth Reliability-Centered
Maintenance (RCM) analysis was performed on all existing preventive maintenance tasks.  As
a result, the entire E-2C maintenance program is now governed by analyses supporting the
need for every scheduled maintenance task.

2 BACKGROUND

United States naval aircraft maintenance costs for has been escalating since the late 1980’s.
This is due, in part, to a fleet of aging aircraft and the way they are maintained.  The Aircraft
Service Period Adjustment (ASPA) Program, in effect, has kept aircraft in an active flying
status until their condition deteriorated well beyond that at which they could be economically
maintained.  This resulted in excessive unscheduled maintenance at the operational level and
unacceptable turn around time (TAT) and cost at the depot level.

In an attempt to remedy this trend, the Navy devised some imaginative ways of forcing
aircraft in for depot maintenance.  While some gains in TAT and rework costs were made
through these efforts, overall maintenance costs continued to climb, albeit at somewhat slower
a rate.

In recognition of this dilemma, the Naval Air Systems Command (NAVAIRSYSCOM)
directed that a select group of naval aircraft evaluate an RCM-based integrated maintenance
concept with a fixed Period End Dates (PED).  The E-2C, F/A-18, S-3 and H-60 aircraft were
selected as the first candidates for this effort.  In June of 1996, the E-2C Fleet Support Team
(FST) began working the IMC.

The effort to define an IMC program lasted approximately two years.  During that time, all
previously defined scheduled maintenance tasks were analyzed using RCM philosophies.
Those that could be justified were retained and modified as necessary.  The remainder were
documented and eliminated.  Additionally, new tasks were added where hazard severity
required them, or where failure data indicated they were necessary.

Specifications and related process documents were generated from requirements derived from
RCM analyses.  These documents were verified and validated through prototype processing of
seven aircraft.  After successful demonstration of the IMC Program, the E-2C was approved
for transition to IMC on March 25, 1999.

3 SCOPE

This RCM Program Plan documents how the United States Navy E-2C FST will sustain the
RCM-based IMC Program.  This Plan is applicable only to United States Navy E-2C aircraft.
E-2C Foreign Military Sales (FMS) customers may use this Plan at their discretion.

4 SUSTAINING THE PROGRAM

To sustain the E-2C Maintenance Program as an accurate reflection of the aircraft’s need for
attention, four events should be considered that would require such action.  They are as
follows:
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∗ Routine review of existing task processes and intervals.

∗ Required update due to sudden decreases in reliability of assets for which
maintenance tasks are already in place.

∗ New requirements to address system and equipment failures that have not occurred
previously and therefore have no maintenance requirements.

∗ Addition of new components or modifications to existing components.

Although the level of effort that is required to address each of these issues might differ, they
all require a common RCM process.  The RCM process used for the E-2C Aircraft is
described in the following sections.

4.1 General

The E-2C Sustaining RCM Program entails a full spectrum of maintenance planning including,
but not limited to, database management, RCM process flow, task review and approval, task
implementation, reliability monitoring, documentation and reporting, and work prioritization.
Each of these subjects is addressed in detail in the following sections.

Although this Plan refers to the redesign and engineering change proposal (ECP) processes,
both are beyond the scope of this Plan.  References are made only to illustrate how they
interface with the RCM process.

4.2 Database Management

To conduct E-2C Sustaining RCM Program properly, it is essential to effectively manage data
pertaining to the Program.  Much of this data is already managed through databases external
to the E-2C Program such as Naval Aviation Logistics Data Analysis (NALDA).  However,
three databases are unique to the E-2C Aircraft Program that must be managed.  Each of
these databases can be found on the E-2C Maintenance Readiness Team (E2C2FST.1) server.
A description of each of the databases follows.

4.2.1 Depot Failure Database

This database is a record of all defects discovered during Phased Depot Maintenance (PDM).
It includes data for all discrepancies regardless of whether action is taken to correct the defect
or which level of maintenance is responsible for repairs.  The database uses Microsoft Access
software.

4.2.2 RCM Database

This database is a record of all RCM analyses performed on the E-2C Aircraft.  It includes
records for analyses that resulted in preventive maintenance requirements and for those that
did not.  The database uses the Integrated Reliability-Centered Maintenance System (IRCMS)
software, which was developed by NAVAIRSYSCOM.

4.2.3 Preventive Maintenance (PM) Task Database

This database is a record of all PM requirements for the E-2C Aircraft.  It also includes a
history log of the associated RCM analyses.  It is derived from the PM task requirements
identified in the RCM database.  It covers all levels of maintenance and is used to generate the
maintenance requirements cards (MRC) deck and the PDM Specification.  The database uses
Microsoft Access software.
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4.2.3.1 RCM History Log

The RCM History Log, which is contained within the PM Task database, serves as a means
for tracking changes to the PM requirements over time.  It identifies not only the factors that
led to changes in the PM program, but also identifies when reviews were performed that did
not lead to any changes.  It also quantifies the effort expended performing RCM efforts and
provides a method of evaluating the effectiveness of the RCM program.

The latest version of the NAVAIRSYSCOM RCM software (see Paragraph 4.4.9) has a built-
in capability to mark records as “Historical.”  This serves as a log of changes to PM
requirements.  The software also provides the ability to record the cost of performing or
updating analyses

An RCM history log entry is completed any time an RCM analysis is reviewed, regardless of
whether an update is actually performed.  The history log is filled out incrementally when the
process is initiated, at completion of the RCM review or update, and when updated
requirements are incorporated in the PM program.

4.2.4 Maintenance Specifications Management

The MRC deck and PDM specification derived from the PM task database are managed under
the in-service engineering function of the Maintenance Readiness Team (E2C2FST.1).  The
efforts associated with management of the specifications are not covered by this document.
They are addressed here only to the extent necessary to illustrate their relationship to the E-
2C Sustaining RCM Plan.

4.3 Ground Rules And Assumptions

To ensure a consistent approach to carrying out the E-2C Sustaining RCM Plan, it is
necessary to define ground rules and assumptions.  These will help guide analysts through the
RCM process.

4.3.1 Aircraft Data

Standard information to be used in all RCM analysis for the E-2C Aircraft include the
following:

Aircraft Design Life: 10,000 Flight Hours

(including TE-2C) 3,000 Arrest Cycles (4,235 for 165293 and subsequent) 3,000
Catapult Cycles (4,235 for 165293 and subsequent)

Acquisition Cost: $70,050,000 Fiscal Year 1998 Constant Dollars

Fleet Size: 75 Aircraft

Average Utilization: 40 Flight Hours per Month

4.3.2 Acceptable Probability of Failure

Acceptable probabilities of failure for all E-2C systems, assemblies, and components for RCM
analysis purposes shall be as defined in Figure 1.

Severity Acceptable Probability of Failure
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Classification (Pacc)

I .000001

II .000002

III .00002

IV .002

Figure 1  Acceptable Probability of Failure

The numerical values and definitions of severity classification used in Figure 1 are derived
from the E-2C Hazard Risk Assessment Matrix included within this document.  Deviation
from the values or definitions specified herein shall only be permitted with Program
management (PMA-231) concurrence.

4.3.3 Labor Rates

Labor rates used in performing an RCM analysis should be consistent with approved labor
rates at the time of the analysis.  The rates for Fiscal Year (FY) 1999 are as follows:

∗ $41.00 per hour for Organizational (O) Level

∗ $41.00 per hour for Intermediate (I) Level

∗ $66.00 per hour for Depot (D) Level

Since labor rates are not constant, verification of the current rate should be obtained prior to
using it in any analysis.

4.3.4 Analytical Methods

Revision to the NAVAIRSYSCOM IRCMS software has removed the task interval
calculation feature that was installed in the previous version.  Therefore, Microsoft Excel
worksheets have been developed to calculate task intervals.  These worksheets and their use
are described in the IRCMS Task Interval Calculation section of this Plan.

4.3.5 Mandated Tasks

Any maintenance task that is mandated by either law or department policy shall be subjected
to the same RCM process as any other task.  If the results of the analysis do not justify the
task, supporting documentation including an estimate of the resulting unnecessary cost to the
Navy shall be prepared and provided to the Program Manager.  Any mandated task that is not
justified shall be retained in the E-2C Maintenance Specification(s) until the Program Manager
provides formal disposition.

4.4 RCM Process Flow

The process used to generate, update, or review RCM analysis for the E-2C Aircraft is
outlined in Appendix A and described in the following sections.  This process is applicable to
all analyses performed for the E-2C Aircraft and any of its systems, subsystems, or
components.  Accordingly, all steps defined by the appropriate flowchart path must be
executed in the order prescribed.
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4.4.1 Analysis Method

All RCM analysis are to be performed in accordance with NAVAIRSYSCOM Instruction
4790.20A and the guidelines set forth in NAVAIRSYSCOM 00-25-403, Guidelines for the
Naval Aviation Reliability Centered Maintenance Process.

The IRCMS software program is the primary tool for performing RCM analysis.  The
program includes a Failure Mode, Effects and Criticality Analysis (FMECA) module and all
the features necessary to document, review, and approve RCM analyses.

4.4.2 Data Collection

To enable the E-2C Maintenance Program to remain an accurate reflection of the aircraft’s
needs, it is necessary to collect data that identifies how well the existing maintenance program
is working and where additional maintenance may be necessary.  There are extensive data
available through existing preventive and corrective maintenance databases to fulfill this need
for information.  The following list identifies the primary sources of this data:

∗ 3M Maintenance and Material Management

∗ ASPA Aircraft Service Period Adjustment

∗ EI Engineering Investigation

∗ HMR Hazardous Material Report

∗ NALCOMIS Naval Aviation Logistics Command Management Information
System

∗ NALDA Naval Aviation Logistics Data Analysis

∗ NAMDRP Naval Aviation Maintenance Discrepancy Reporting Program

∗ PDMSS Program Depot Maintenance Scheduling System

∗ SDLM Standard Depot Level Maintenance (Organic, Inorganic, Depot
Report Point (DRP))

∗ MRB Material Review Board

∗ CAWIR Critical Area Wire Inspection Repair

∗ PWI Periodic Wire Inspection

∗ Zonal General material condition inspections

∗ Safety Center Navy wide mishap reports

Execution of E-2C Sustaining RCM Program Plan will not require initiation of any new data
collection efforts other than those identified in conjunction with Age Exploration (AE) tasks.
AE is addressed in Section 4.4.13.

Data collection is essential for RCM analysis to substantiate the need for all maintenance
requirements.  The data are used to support a clearly documented analysis.  It provides the
technical justification for each maintenance requirement.  In addition, it serves as the



NAVAIR 00025-403
01 February 2001

A-11

backbone for the audit trail for each maintenance requirement and helps to establish the
baseline from which adjustments to the maintenance program can be made.

Data are also collected to provide feedback on the effectiveness of the maintenance program
through in-service equipment performance, to investigate and correct maintenance related
problems, and to identify hardware design and manufacturing deficiencies.

Collection of data is also necessary to document specific resource savings that are achieved
through the RCM process.  It enables a comparison of cost, manpower, and readiness levels
that were achieved by the previous maintenance approach to the revised RCM-justified
maintenance strategy.

4.4.3 Definition of Function

The proper conduct of an RCM analysis requires complete definition of each function of the
asset being evaluated.  To accomplish this, it is important to define the asset, define its
operating context, and define what it is the asset is expected to do.  This must include all of
the functions of the asset, not just the most obvious or primary ones.  Wherever possible, the
definition should include quantified performance requirements.  When developing performance
level requirements, care should be taken to specify what is actually necessary, not what the
asset is capable of doing.

Many of the items undergoing RCM analysis will have an obvious function because they are
often named for their primary function.  For example, a compressor’s function is to compress
something, a pump’s function is to pump something, and an actuator’s function is to actuate
something.  However, many items have secondary functions that must also be considered.  E-
2C Aircraft technical publications are an excellent source of information for determining the
functions of items and their concept of operation.  These publications should be consulted
frequently to ensure that RCM analyses have captured all of the necessary details.

4.4.4 Definition of Failure

Failures must be carefully defined to reflect the loss of one or more of the functions defined in
the previous step.  When doing so, the analyst must ensure that the definition of failure
actually results in the loss of one or more functions, not just a deviation from the functional
condition.  Generic definitions that cover many systems and assemblies should be avoided
because functions may differ significantly and the ability to detect failures may vary greatly.

4.4.4.1 Potential Failure

Potential Failure is an identifiable and measurable physical condition that indicates that a
functional failure is impending.  It does not imply that functional failure is going to happen
immediately, or even in the near future; just that there is evidence that a failure is coming.
Potential failures are characterized by deterioration of an item's performance, but not to the
point at which any of its functions are no longer within specified limits. Potential failure
should not be confused with partial failure.  A partial failure is the condition under which an
item continues to perform at some capacity, but all of its functions are not operating within
specified limits.

4.4.4.2 Functional Failure

Functional Failure is the inability of an item to perform any of its normal or characteristic
actions within specified limits.  It can range anywhere from complete loss of function to the
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inability of an item to function at a specified performance level.  However, it must always
correlate to one of the requirements specified when defining the item’s function.

4.4.4.3 Data Sorting (Potential or Functional)

To avoid unnecessary maintenance tasks, all data should be sorted in accordance with the
definitions generated in the previous step.  Each E2/C2 FST standing team should have a
detailed list of discrepancies that define whether the failure is a potential failure or a functional
failure.  This list shall be maintained by each of the standing teams.  During the sorting
process, all data should be scrutinized to ensure that only data for the failure mode under
consideration is used in the subsequent analysis.

4.4.5 Failure Mode

To properly develop the maintenance strategy for the E-2C Aircraft, it is important to
understand why failures occur.  In a very generic sense, failures occur because the required
performance of an asset exceeds its ability to function at the required level.  In most cases, this
is because the ability of an asset deteriorates while its required performance remains constant.
An increase in required performance without a requisite increase in ability will also cause
failure.  In either case, the cause of the differential between the two is referred to as the
Failure Mode (FM).

Proper identification of FMs is essential to the development of justified maintenance tasks.
The consequences of failure do not always warrant preventing the failure.  However, in cases
where prevention is desired, there must be a clear indication of what is to be prevented.  For
instance, identifying “broken” as a FM does nothing to identify how to prevent “broken”.  On
the other hand, identifying “Connecting link separated due to sheared attachment bolt.” as the
FM identifies what is to be prevented.

In addition to providing little information about how to prevent failures, generic FM
descriptions such as “broken” often results in lumping together multiple independent FMs.  In
even the most benign circumstances, this results in maintenance tasks that are performed too
frequently.  In the worst case, it allows FMs to occur that cause failures with unacceptable
consequences to be missed entirely.

Since the E-2C Aircraft has been in service for a long time most failure modes that require
prevention have already been addressed.  Where necessary, their occurrences are prevented by
existing PM tasks.  At a minimum, an RCM analysis for each of these failure modes is
necessary.  To ensure that failure modes are not overlooked, analysts must carefully evaluate
what condition each of the existing maintenance tasks is designed to detect or prevent.
Although most failure modes will already be identified from existing maintenance tasks, the
analyst should also identify any that would result in a hazard falling outside the acceptable
zone of the Hazard Risk Assessment Matrix provided in Appendix B.

4.4.6 Potential Failure to Functional Failure (PF) Interval Determination

One of the most important and challenging steps in the RCM process is determining the
correct inspection interval for On Condition tasks.  The challenge comes in the form of
defining the potential failure to functional failure (PF) interval for the failure mode undergoing
analysis.
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In the past, the driving factor used to determine the need for and frequency of maintenance
tasks was how often failures occurred.  One underlying RCM principle is that knowing how
often an item fails is less important than knowing when it is about to fail.  This warning period
represents the PF interval.  In all but a few cases, some indicator can be identified that will
provide a warning that a failure is impending.  When an impending failure is detectable, some
proactive preventive maintenance action, i.e., an On Condition task, must be taken to prevent
its failure if the resulting consequences warrant it. (See Section 4.4.10.2)

In many cases, failure data that have been collected will shed little light on identifying the PF
interval.  The reason for this is that failures are usually prevented from occurring or they are
investigated after they have occurred.  For failures that are prevented, only the “P” point of
the PF interval is known.  For failures that have occurred, only the “F” point of the PF interval
is known.  In either case, only one of the two points necessary to define the PF interval is
known.  In such cases, engineering judgement will often be the only way to arrive at PF
interval.

Equipment operators, who are in a prime position to observe how failures occur, should be
consulted when determining PF intervals. They should understand that, when establishing PF
intervals, the information regarding the rates at which deterioration progresses are as
important, if not more so, than how often the failures occur.

For failures that have safety consequences, it will often be necessary to consult the hardware
manufacturer or obtain laboratory data to identify the PF interval.

For a failure mode that is being addressed by an effective PM task, the value of the PF interval
can be derived from the existing task interval.  This is done by working backward through the
appropriate equation for the specific task type.  This is discussed in detail in Section 4.4.10.

4.4.7 Wear Out Characteristic Determination

If an item that is under evaluation exhibits wear out characteristics, the shape of the wear out
curve should be determined if possible.  This will help determine the appropriate strategy for
addressing the failure mode.

All failure modes will exhibit one of six characteristic conditional probability of failure curves
(see Figure 2).  The three curves on the left illustrate wear out.  Only items that illustrate one
of these three curves are likely to benefit from setting a life limit.  However, the wear out
curve alone does not provide sufficient evidence to determine a valid life limit.  In cases where
PF intervals are sufficiently long, other, more effective, maintenance tasks may be possible,
even for items that illustrate wear out characteristics.  Each of the four maintenance tasks
discussed in Section 4.4.10 must be evaluated to determine the most effective maintenance
strategy.
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Life limits should not be assigned to items that produce any of three conditional probability of
failure curves shown on the right side in Figure 2.  An item conforming to one of these three
patterns will not benefit from a life limit because there is no correlation showing an increased
probability of failure as time progresses.  Imposition of life limits on items conforming to one
of the non-wear out patterns will result in discarding or reworking items unnecessarily.  At a
minimum, this will result in excessive costs.  It may even increase the probability of failure
through the introduction of infant mortality.

Figure 2  Wear Out Characteristic Curves

4.4.8 Categorization of Failure in Accordance with Risk Assessment Matrix

The E2/C2 FST developed a Risk Assessment Matrix (Appendix B) to categorize and
prioritize failures.  This matrix should be used to determine the severity classification for all
failures.  Only hazards that fall into Categories I and II should be considered to be safety
hazards for the purposes of RCM analyses.  Category I will always be a safety hazard, while
category II can fall into either the safety or non-safety category.  Categories III and IV will
not be classified as safety hazards.

The acceptable probability of failure for each of the four hazard severity categories is derived
from the Risk Assessment Matrix.  Severity Class I hazards are considered acceptable if they
fall outside the matrix boundaries (< 1/1,000,000).  The boundary between the acceptable and
undesirable zones determines the acceptable probability of failure for Severity Class II, III,
and IV hazards.

4.4.9 Integrated Reliability-Centered Maintenance System (IRCMS)

All RCM analyses performed for Navy aircraft shall be documented using IRCMS software.
The Windows-based software is used for documenting the RCM analyses that define all
maintenance requirements for the E-2C Aircraft.  The IRCMS serves as a tool for determining
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and documenting the most effective failure management strategy.  It is not intended to, nor is
it capable of, determining the correct maintenance task intervals.  However, it can be used to
compare the relative cost effectiveness of multiple solutions to failure consequence
management.

The IRCMS software is structured such that analysis can be performed through a hardware
breakdown of the E-2C Aircraft down to the Shop Replaceable Assembly (SRA) level.
Depending on the system being evaluated, it may be appropriate to evaluate hazards at levels
higher than the SRA level, but the software does not provide for analysis at lower levels.  It is
generally ineffective and unnecessary to evaluate hazards below the SRA level because
consequences are either difficult to assess or too insignificant to consider.  Evaluation of
hazards below the SRA level is also likely to burden the analysis effort with significant
unnecessary work.

The IRCMS software requires preparation of a FMECA as part of the analysis process.  In the
event that a valid FMECA already exists for the system or item under evaluation, it will be
necessary to enter information from the FMECA into the appropriate fields in the IRCMS
database.

Results of the IRCMS analysis are used to determine the need for PM tasks.  Any decision to
add, delete, or change existing maintenance tasks must be justified through an RCM analysis
and documented in the IRCMS.  Maintenance tasks, which are mandated for the E-2C
Aircraft by organizations that are external to the E2C2 FST, should be subjected to an RCM
analysis and challenged for validity if they can not be justified.  Consequences of implementing
mandated tasks that are not RCM-justified should be conveyed to the Program Manager.
Maintenance efforts that are directed for systems e.g., Common Support Equipment, which
are not under the cognizance of the E2C2 FST are the responsibility of the managing
authority.

4.4.10 Task Interval Calculation

The assumptions used in performing each RCM analysis shall follow the guidelines set forth
here and in Section 4.3 of this Plan.  Deviation from these guidelines must be approved and
documented in the IRCMS along with the supporting rationale. These guidelines are specific
to the E-2C program.  Other aircraft programs may wish to adopt these guidelines, but it is
essential that they perform a baseline procedure for their effectiveness to be known.

Because the IRCMS 6.0 (series) software does not have built in equations to calculate task
intervals, Microsoft Excel worksheets have been developed to assist in this effort.
Worksheets for On Condition, Hard Time, and Failure Finding task interval determination are
addressed in sections that follow.  A worksheet has not been developed for Service and
Lubrication tasks since they are usually based on the manufacturer’s recommendation.

The equations used to perform the interval calculations for each type of task are identified
along with the spreadsheet.  A description of each equation variable is also provided.  The PF
interval is discussed in Section 4.4.6.  Mean Time Between Failure (MTBF) is discussed in the
Section 4.4.10.1.
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4.4.10.1 Mean Time Between Failure

Mean Time Between Failure is a parameter that historically has been used to define the
reliability of items.  The higher the value of MTBF, the more reliable an item is said to be.
This has led to the sometimes erroneous belief that more reliable items require less
maintenance.  While that may be true in some cases, the measured value of MTBF is often
determined by the maintenance that is performed.

MTBF, in fact, has a largely insignificant role in determining the frequency at which
maintenance should be performed.  It plays no role in determining frequency for On Condition
or Hard Time tasks for safety related failure modes.  Its role in evaluating non-safety related
On Condition tasks is limited to determining how many inspections should be performed
during the PF interval.  Its role in evaluating non-safety related Hard Time tasks is only to
determine if the proposed task is cost effective.  Failure Finding tasks are the only type of task
in which MTBF plays a significant role in determining task frequency.

For the purposes of RCM analysis, MTBF is defined by the following equation:

Where:

Age is the amount of exposure in the appropriate metric (months, flight hours,
etc.)

# of failures is from the failure mode being evaluated

To ensure that MTBF is an accurate reflection of the achieved reliability, it is essential that
failure modes be considered individually, not lumped together.  Combining failure modes will
yield flawed MTBF values, which could result in excessive maintenance tasks.  Also, the age
of the item must be based on the cumulative experience of all items in use during the
evaluation period, not just the ones that have failed.

For systems and items with no reported failures, MTBF is defined as “total age” in the
appropriate metric unless the manufacturer has provided a different value.

4.4.10.2 On Condition Task Analyses

On Condition tasks are divided into safety and non-safety categories for evaluation.  Different
worksheets are used depending upon the category being analyzed.  Each of these is explained
and illustrated in the following sections.

4.4.10.2.1 Probability of Detecting Failure:

Both the safety and non-safety categories of On Condition tasks use the probability of
detecting failure in one inspection (θ) to help determine the appropriate inspection interval.
Because this value is very subjective and significantly influences the analysis outcome, default

failuresof
AgeMTBF

#
=
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values have been defined for use in On Condition task analysis.  These values are provided in
Figure 3.

Inspection Type Probability of Detection in One Inspection
(θ)

Inaccessible or Difficult Visual Inspection 0.50

Easily Performed Visual Inspection 0.90

Non-Destructive Inspection (NDI) 0.95

Obvious 0.99

Figure 3  Default Failure Detection Probability Values

Analysts should ensure that the actual probability of detecting the failure mode via the task
being considered is at least equal to the value of theta (θ) being used in the analysis.  Any
uncertainty should err towards a lower probability of detection since it will ensure necessary
inspections are performed.  The use of other than the default values is recommended if data
are provided to support a different value.

In the case of nondestructive inspection (NDI), techniques must be certified for the intended
use.  The Materials Laboratory should be able to provide data regarding the reliability of such
techniques.

4.4.10.2.2 Safety Related Failures:

Evaluation of safety related On Condition tasks require that the actual probability of failure be
reduced to less than or equal to the acceptable probability of failure.  The formula used to
ensure this is as follows:

Where:

t = task interval

n = number of inspections during the PF interval (calculated from “n”
equation)

PF = the potential to functional failure interval

Pacc = acceptable probability of failure (from severity classification)

θ = probability of detecting failure in one inspection

This equation is programmed into the On Condition Safety Analysis Worksheet.  The
worksheet is illustrated in Figure 4.

n
FPt −=

)1ln(
ln

θ−
= accP

nand



NAVAIR 00-25-403
01 February 2001

A-18

Figure 4  On Condition Safety Analysis Worksheet

To use the worksheet, it is first necessary to determine the value of the PF Interval.  Methods
for determining this value, if it is not known, are provided elsewhere in this document.  MTBF
shall not be used as the value of the PF Interval since it is not defined as the same thing.

4.4.10.2.3 Non-Safety Related Failures

Non-safety related On Condition tasks are only required to cost less than the failure
consequences they are designed to prevent.  The formula used to calculate this is as follows:

Where: t = task interval

PF = the potential to functional failure interval
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n = number of inspections during the PF interval (calculated from “n”
equation)

MTBF = Mean Time Between Failure

Ci = cost of preventive task

Cnpm = cost of not during preventive maintenance (allowing functional failure
to occur)

Cpf = cost of correcting potential failure

θ = probability of detecting failure in one inspection

This equation is programmed into the On Condition Non-Safety Analysis worksheet.  The
worksheet is illustrated in Figure 5.

Figure 5  On Condition Non-Safety Analysis Worksheet

To use the worksheet it is preferred, although not essential, for the analyst to first determine
the value of the PF Interval.  The worksheet will calculate the minimum cost effective, but not
necessarily most cost effective, interval if no value for the PF Interval is entered.  Discussions
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of methods to determine this value if it is not known are provided in a previous section of this
document.

4.4.10.3 Hard Time Task Analyses

Hard Time tasks are broken into safety and non-safety categories for evaluation.  Only non-
safety Hard Time tasks can be evaluated using a worksheet.

4.4.10.3.4 Safety Related Failures

Operational data for a safety related failure that is likely to benefit from a Hard Time task is
typically unavailable.  As a result, task intervals are most often determined either analytically
or from laboratory data.  Analytical techniques such as Notch Strain Analysis are typically
used to predict the safe life for fatigue-related failure of items.  A number of techniques,
including refinement of previous analytical models and Weibull analysis, can be used to
determine safe life if laboratory data is available.

4.4.10.3.5 Non-Safety Related Failures

Non-safety related Hard Time tasks are only required to cost less than the failure
consequences they are designed to prevent.  The formula used to ensure this is as follows:

Where: CBR = cost benefit ratio

CBF = cost of removal/replacement before failure

NS = the potential to functional failure interval

t = proposed task interval

Cnpm = cost of replacement and collateral damage (if any) after failure

MTBF = Mean Time Between Failure

This equation is programmed into the Hard Time Non-Safety Analysis Worksheet.  Tasks that
have CBR values of less than 1 are considered cost effective.  The worksheet is illustrated in
Figure 6.

The worksheet can be used to calculate the minimum cost that is effective, but not necessarily
most cost-effective interval if no value is proposed for the Hard Time task interval.
Defaulting to the minimum cost-effective interval should be avoided since significantly higher
savings may be realized with longer intervals.

4.4.10.4 Failure Finding Task Analyses

Failure Finding tasks are performed for hidden failures only.  If a second failure is the direct
cause of the first failure, it is not a hidden failure, but rather a next level effect of the first
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failure.  Task interval determination for Failure Finding tasks is therefore based upon two
independent failures.

To determine task intervals using the Failure Finding Worksheet requires knowing the MTBF
for both the hidden function and the protected function.  The Failure Finding spreadsheet
illustrated in Figure 7 is based on an exponential (random) failure distribution pattern and uses
the following iterative equation to determine the appropriate task frequency:

Where:

Pacc = acceptable probability of failure (from severity classification)

t = task interval

MTBFPF = mean time between failure for the protected function

MTBFHF = mean time between failure for the hidden function

:
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Figure 6  Hard Time Non-Safety Analysis Worksheet

Figure 7:  Failure Finding Safety Analysis Worksheet   
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Where:

Pacc = acceptable probability of failure (from severity classification)

t =  task interval

MTBFPF = mean time between failure for the protected function

MTBFHF = mean time between failure for the hidden function

If either the protected function or the hidden function do not exhibit a random failure
distribution pattern, the Failure Finding spreadsheet should not be used.  In this case, the
correct failure distribution must be modeled for both functions and then used to calculate the
correct interval.  Using the spreadsheet for failures that are not random in nature will likely
result in recommending PM tasks that are not necessary and, in many cases, will suggest that
tasks be performed at frequencies bordering on the impossible.

4.4.11 Collection of Cost Data:

For Non-Safety related Severity Class II and Severity Class III and IV hazards, it is necessary
to assemble information regarding the cost of maintenance actions.  A Cost-Benefit analysis is
performed to determine whether a PM task is warranted.  Collection of the following logistics
data is necessary to perform the analysis:

∗ Cost to Inspect for Failure

∗ Cost to Remove, Replace, Rework or Discard Item Before Failure

∗ Cost to Remove, Replace, Rework or Discard Item After Failure

∗ Skill Level Required to Perform Inspection and/or Repair

4.4.12 RCM Process Outcomes

4.4.12.1 Identification of Preliminary Task and Interval

If the results of RCM analysis indicate that PM is appropriate a record of the analysis,
including the recommended task and task interval should be prepared and submitted to
management for review.  This should include the recommended packaging interval for the
task.

Pertinent supporting data should be included with the analysis to allow management to
properly review the recommendation.  Complete development of all specifications,
procedures, required equipment, and personnel is not necessary or recommended at this stage.

4.4.12.2 Redesign or Other Action

If the result of an RCM analysis recommends that redesign or other action is mandatory, the
analyst should bring this to the attention of the standing team leader.  Management will then

HFPF MTBFtMTBFt
acc exeP −− −−= 11
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have to make a decision on how to address the recommendation.  In some cases, PM tasks
deemed “not practical” may have to be implemented on a temporary basis until a design
change can be incorporated.  In other cases, operational restrictions may be necessary.

4.4.12.3 No Preventive Maintenance

If the result of an RCM analysis recommends that preventive maintenance should not be
performed, the analyst should review the applicable maintenance specifications to verify that a
maintenance task is not specified.  This is very important because retaining unnecessary
maintenance tasks is a waste of time and money, and is potentially damaging to an otherwise
stable system.

Failures for which no preventive maintenance has been identified should be monitored for
changes in failure rates and repair costs.  In the event that either of these parameters change,
the RCM analysis should be revised to assess whether a task is warranted.

4.4.13 Age Exploration (AE)

Age Exploration is an important part of the process used to sustain and optimize a PM
program.  An initial RCM analysis will often result in conservative PM requirements because
insufficient data exists to determine proper tasks and frequencies.  AE provides a systematic
process for collecting the information necessary to reduce or eliminate this gap in knowledge.
AE procedures supply information to determine the applicability of some PM tasks and to
evaluate the effectiveness of others.  For new equipment, AE provides the information
necessary to adjust the initial inspection interval or assess the applicability and effectiveness of
a task.  For mature equipment, AE provides information to evaluate existing tasks, thereby
optimizing the PM program.

For the E-2C Aircraft, each AE task identified during RCM analysis shall be documented in
the Age Exploration Plan.  Analysts must provide the necessary documentation to the
Maintenance Readiness Team Leader (E2C2FST.1) to ensure that it is incorporated in the
plan.  Documentation shall include the following types of information:

∗ Information is to be collected

∗ Special skills or equipment required for its collection

∗ Who is responsible for collecting it

∗ How often it is to be collected

∗ How long it will be collected

∗ To whom the information should be provided

The Maintenance Readiness Team will manage the AE program.

4.4.14 Packaging

Since the “ideal” frequency for each maintenance task identified through the RCM process
will most likely be different, it is necessary to group tasks into packages of work.  Since the
E-2C Aircraft has been in operation for many years, packages are already established.
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While it is tempting to place newly developed PM tasks requirements within established
packages, it should be done only if there are compelling reasons to do so.  The cost of
performing tasks at some interval other than what is necessary must be weighed against the
savings that may be realized by packaging them within existing schedules.  In some cases,
particularly when the intervals between tasks are long, it may prove more cost effective to
establish stand-alone tasks.

All packaging efforts must ensure that tasks developed to deal with safety consequences are
not deferred beyond the interval projected by the RCM analysis.  Task intervals that are
extended beyond the recommended interval results in the acceptance of increased risks
without appropriate understanding or authorization.  Similarly, care must be taken to avoid
packaging economic based tasks at intervals that reduce their cost effectiveness.

Prior to submitting any PM task to management for review, a recommendation for packaging
should be developed in accordance with the preceding guidelines.  Supporting rationale should
be provided when there is significant deviation from the task frequency stemming from the
RCM analysis.

4.5 Task Review and Approval

4.5.1 Analyst

RCM analysts are responsible for reviewing completed analyses to ensure that justification of
any resultant PM tasks are sound.  Reviews include recommendation of the task interval and
selection of the appropriate PM package for the task.  It is also the responsibility of the
analyst to update the RCM database and History Log.  Upon management’s approval, the
analyst is responsible for developing the PM task procedures.  This includes informal
verification of maintenance procedures through collaboration with Fleet personnel to ensure
completeness and correct sequencing of the packaged tasks.

4.5.2 Fleet Review and Input

Because Fleet personnel perform much of the required aircraft maintenance, it is important to
continually interact with them while developing maintenance requirements.  This will add
value to the analysis and expedite the review process.  Regardless of their involvement during
the analysis process, Fleet review of proposed maintenance tasks is necessary following the
internal review.  This review ensures that the necessary skills, equipment, and capability to
perform the task(s) exist within the Fleet maintenance environment.  Fleet reviewers typically
will be aircraft maintenance personnel from squadrons and wings, but aircrew and aircraft type
commanders may provide valuable comments.

4.5.3 Evaluator and Estimator (E & E)  Input

For changes that affect Depot Level Maintenance, the analyst should solicit E & E input to
assist in determining the validity and supportability of the proposed maintenance task.  E & E
will review and provide input on the level of effort, resources required and procedures
necessary to accomplish the maintenance task.
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4.5.4 Manufacturer’s Input

As part of the overall review process, the manufacturer should be solicited for comments to a
proposed maintenance task or task change.  Manufacturer’s input should be solicited in the
following areas:

∗ Manufacturer’s specification

∗ Design limitation for item

∗ Maintenance requirements

∗ Future upgrade and design improvements

∗ Item availability and supportability

Comments from the manufacturer should be reviewed by the RCM Analyst and the cognizant
FST Engineer for validity and incorporated as necessary.

4.5.5 Maintenance Readiness Review Block

The Maintenance Readiness Team is required to review all RCM analyses that result in a new
maintenance task or revision of an existing one.  Requirements of the review are as follows:

∗ Review IRCMS analysis to ensure correct usage of assumptions and definitions, and
for background information on change requirement.

∗ Review/verify task procedure and packaging interval.

∗ Review O/I/D level specifications to ensure intent of maintenance procedure is not
duplicated in another PM package.

It is not necessary, although it may be beneficial, for the Maintenance Readiness Team to
review RCM analyses that are updated, but do not result in modification of either the
maintenance task or its frequency.

4.5.6 Standing Team Review and Approval

Standing Team review and approval of all new and revised maintenance tasks is necessary.
Standing Team Leaders who are cognizant of the asset affected by the maintenance task
should review each analysis for the following:

∗ accuracy of the FMECA

∗ all appropriate data was used to support the analysis

∗ ground rules were applied appropriately

∗ output of the analysis is valid

The Standing Team Leader should forward all approved RCM analysis packages to the
Maintenance Readiness Team Leader for approval and implementation.



NAVAIR 00025-403
01 February 2001

A-27

4.5.7 Maintenance Readiness Approval

Signature by the Maintenance Readiness Team Leader is the final step in the RCM analysis
approval process for new maintenance tasks and revisions to existing tasks.  Maintenance
Readiness Team Leaders shall only authorize tasks for implementation when they have all of
the necessary documentation and prior signatures.

4.6 Task Implementation

4.6.1 Implementing a Depot Level Change

The Interim Change Notice (ICN) is the vehicle used to implement a maintenance task and
change to the Depot Maintenance Specification(s) identified through RCM analysis.  Upon
approval by the Maintenance Readiness Team, the ICN is forwarded to the Technical Data
Branch for Directive Release Notice (DRN) where it is sent out for compliance to all areas
that are affected by the change.

Generation of a Naval message may also be necessary if the change is expected to have an
impact on the Fleet or Foreign Military Sales (FMS) customers.

4.6.2 Implementation of Organizational or Intermediate Level Changes

Manual Change Releases (MCRs) and Interim Rapid Action Changes (IRACs) are the vehicles
used to incorporate changes into the Maintenance Requirements Cards (MRC) deck and
Periodic Maintenance Information Cards (PMIC).  Periodic update of the MRC deck is
performed to formally incorporate MCRs and IRACs.  Changes to the Maintenance
Information Manuals (MIMs) as a result of RCM analysis are also handled via MCRs and
IRACs.

4.6.3 Work Unit Code (WUC) Manual Updates

It is common for maintenance tasks to be identified for which a unique WUC does not exist.
While it is not necessary for every task to have its own WUC, it is essential to be able to
evaluate how effective the task is at achieving the desired reliability.  If the existing WUC
Manual does not provide sufficient ability to track task effectiveness, recommended changes
to the manual that will allow tracking should be forwarded to the Program Manager.

4.7 Reliability Monitoring

Once changes to the maintenance program have been made, it is essential to monitor the
changes to determine if they were successful.  Tracking the reliability (or resistance to failure)
as a function of time will accomplish this requirement.  This should be done for each of the
failure modes identified in the RCM analysis.  The metric most commonly used to measure
reliability is MTBF.  Other measurements, such as Direct Maintenance Man-Hours (DMMH)
per flight hour and removals per month, are also useful assessing the effectiveness of
maintenance program changes.

Figure 8 illustrates a typical age versus reliability curve that will be generated from the
tracking effort.  As illustrated, trended and measured values of reliability will be plotted on the
same chart.  Additionally, upper and lower control limits will be established to help identify
when unusual trends are encountered.  Details of how this process is conducted are defined in
the sections that follow.
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Figure 8  Typical Age Versus Reliability Curve

4.7.1 Monitoring Methodology

To prevent isolated incidents causing sudden inaccurate changes in reliability, the Least
Squares Regression technique will be used to compute reliability values.  This technique
allows reliability trends to be effectively monitored while eliminating the sensitivity to single
events, especially when the frequency is already low.  The methodology also allows
establishment and refinement of upper and lower boundary limits used to alert analysts to
unusual trends.

4.7.1.1 Determining the Trended Value of Reliability

Since an initial measure of reliability should have been recorded for all RCM analyses, that
measure should always be used as the initial value in the trending model.  It provides the
starting point for the trend analysis while providing a measurement of the effectiveness of the
previous maintenance concept.  To avoid erroneous tracking, it is important to maintain the
same definition of reliability as that used in the initial RCM analysis.

All trended data points are determined using the eleven previously trended values of reliability
and the most recent measured value of reliability.  These twelve data points are input into the
least squares regression algorithm to determine the value of the next trended data point.  Both
trended and actual values of reliability are then plotted on the same chart to assess differences.

4.7.2 Recognition of Undesirable Trends

Simply recording the measured and trended values of reliability as a function of time only
identifies the difference between the values and provides some indication of what direction the
trend is moving.  While this is useful information, it provides no definitive indication of when
corrective action is required.  Therefore, boundary limits are constructed to identify
unacceptable conditions.  When both the measured and trended values of reliability overrun
the boundaries for two consecutive periods, it is necessary to investigate the cause of the
excursion.  Once the cause has been identified, it is also necessary to redefine the boundaries.
Proper construction and revision of the boundaries is detailed in the following section.
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4.7.2.1 Upper and Lower Boundaries

Upper and lower boundaries are initially determined by adding the standard deviation to the
trended value of reliability.  The initial standard deviation is calculated using the first twelve
values of trended reliability.  Subsequent values of standard deviation are computed using the
current trended value and the previous eleven values, but they are not used to redefine the
boundaries unless two consecutive reliability values have breached either of the boundaries.
When two consecutive values of both measured and trended reliability overrun either the
upper or lower boundaries, the boundary values are revised by adding the most recently
calculated standard deviation to the most recently calculated trended value of reliability.

4.8 Review Frequency

To enable adverse trends to be identified and addressed promptly, reliability data for
Organizational and Intermediate Level maintenance requirements should be collected and
incorporated into the reliability trending model on a monthly basis.  Because it may not be
practical to review some tasks on a monthly basis, exceptions will be negotiated by the
Maintenance Readiness Team (E2C2FST.1) and the cognizant FST Standing Team leaders.
Reliability data for Depot Level maintenance requirements should be collected and
incorporated into the reliability trending model on a quarterly basis.

RCM analysis corresponding to the trended data will be reviewed and updated as necessary.
In general, it will not be necessary to update RCM analysis unless the reliability trending
model shows significant improvement or degeneration of reliability.  Unexpected or new
failure modes will require a new analysis to be generated.

4.9 Documentation and Reporting Requirements

Documentation of all analysis is performed via data entry into the IRCMS software.  Any
additional useful information should be included in the memo field provided in the software.
In addition to the reports available from IRCMS, the RCM analyst should provide reports to
FST team leader concerning negative trends, problem solutions, recommendations, and any
new RCM analysis performed.

These reports include, but are not limited to:

∗ RCM Cost Avoidance - Summary of cost avoidance calculations associated with the
RCM analyses performed.

∗ AE Status - Summary of AE inspections and data, which was collected and analyzed
during the reporting period and the RCM results of those inspections.

∗ Effectiveness metrics - Status of metrics performance during the reporting period.

∗ RCM Status - Summary of RCM analyses performed during the reporting period, i.e.,
RCM History Log.

4.10 Work Prioritization

Although the full benefits of the E-2C RCM Program can not be realized without analysis of
all aircraft systems and their associated functions, budget and personnel limitations prohibit
this from being accomplished.  As a result, it is important to ensure that the limited resources
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available are applied to the failures whose risk presents the most imminent danger to the
program.  Although meticulous application of the RCM philosophy stipulates that it is
premature to assess failure consequences before it has been determined what causes them; a
risk assessment matrix will help to ensure that available resources are applied sensibly.
Accordingly, all analyses will be prioritized according to Appendix B to avoid excess effort
being expended on analyses offering the least return.

5 RCM TRAINING

5.1 Analysts and Reviewers

All analysts should be trained by NAVAIRSYSCOM or NAVAIRSYSCOM designated
personnel in the RCM process and on the use of IRCMS software prior to attempting to
perform RCM analyses.  Lack of proper training will result in incomplete and potentially
dangerous analysis.  Analysts should also be familiar with NAVAIR 00-25-403, Guidelines
for the Naval Aviation Reliability Centered Maintenance Process.

5.2 Project Managers

Anyone assigned the responsibility of managing an RCM program, or reviewing and
approving analyses should be trained by NAVAIRSYSCOM or NAVAIRSYSCOM
designated personnel.  Project managers should have experience in performing RCM analyses
and familiarity with the IRCMS software.  They should also be capable of instructing others
on how to conduct RCM analyses.

5.3 Fleet Support and Standing Team Leaders

Fleet Support Team (FST) leaders should have received the NAVAIR RCM Management
Brief so that they understand the RCM background, philosophy, application, benefits, and
limitations.  They should also be familiar with NAVAIRSYSCOM RCM policy
(NAVAIRINST 4790.20) and NAVAIR 00-25-403, Guidelines for the Naval Aviation
Reliability Centered Maintenance Process.  Although it would be beneficial, it is not essential
that team leaders be trained in the use of the IRCMS software.

5.4 Certification

All team members who are responsible for performing RCM analysis shall be certified by their
respective competencies.  Competency certification shall be accomplished in accordance with
the policies and guidelines set forth in NAVAIR 00-25-403 and by each team member’s parent
competency.

6 TEAM STRUCTURE

Sustainment of the E-2C RCM-based IMC Program requires active participation from each of
the standing teams comprising the FST.  A dedicated team that is well versed and experienced
in the application of RCM is the most effective means of supporting the IMC program.  The
core sustaining RCM team should be comprised of individuals from the maintenance
readiness, avionics, flight systems, airframes, power and propulsion, and electrical systems
teams.  Figure 9 illustrates the composition and reporting requirements of the sustaining team.
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Figure 9:  RCM Team Structure

Support from the logistics and documentation teams will be necessary even though they will
not be actually performing RCM analysis.  Each standing team within the FST should be
prepared to provide the necessary resources to support a dedicated effort.

7 FUNDING REQUIREMENTS

An internal version of this plan utilizes this section for internal resource allocation and
budgeting requirements.  The internal version is identical in all respects except this section.
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APPENDIX A

E-2C RCM PROCESS FLOW
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APPENDIX B

E-2C RISK HAZARD ASSESSMENT MATRIX
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E-2 C RISK HAZARD ASSESSMENT MATRIX

* Replace hours with numbers of catapults, arrestments, or landings for failures related to these conditions.
Change the frequency definition to reflect the ratio between the metric being evaluated and flight hours.

** Hazards that have frequencies below 1 in 1,000,000 are acceptable regardless of hazard category

UNDESIRABLE, MANAGEMENT
 DECISION REQUIREDUNACCEPTABLE

HAZARD
CATEGORY

FREQUENCY∗

CATASTROPHIC
(1)

DEATH

LOSS OF A/C OR SYSTEM

SYSTEM OR PROPERTY
DAMAGE > $7,050,000

CRITICAL
(2)

SEVERE INJURY

IMMEDIATE PILOT ACTION
REQUIRED TO PREVENT
CATEGORY 1

SYSTEM OR PROPERTY
DAMAGE > $705,000

MARGINAL
(3)

MINOR INJURY

MISSION LOSS OR
DEGRADATION

SYSTEM OR PROPERTY
DAMAGE > $10,000

LESS THAN MINOR INJURY

CONTINUE MISSION WITH
MINIMAL RISK

SYSTEM OR PROPERTY
DAMAGE < $10,000

FREQUENT (A)
  > 1 PER 500 HOURS

1 2 4

PROBABLE (B)
  > 1 PER 5,000 HOURS

3 6 9

OCCASIONAL (C)
  > 1 PER 50,000 HOURS

5 8 13

REMOTE (D)
  > 1 PER 500,000 HOURS

7 12 16

∗∗
IMPROBABLE (E)
  > 1 PER 1,000,000

10 14 17
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APPENDIX B

RCM METHODS

1.1 INTRODUCTION

Various methods are available for meeting the quantitative and qualitative needs of the
RCM analysis process.  Some methods are widely accepted, while others are applicable
only under certain circumstances or applications.  Additionally, some methods that were
previously used have been found to be suspect after review.  Care must be taken to ensure
that any method adopted for performing RCM analysis is appropriate, and that any
mathematical or statistical methodology is consistent with the data inputs or assumptions
used.  No method or formula should be used unless there is a clear understanding of their
derivations and of the appropriate data or assumptions that must be made for them to be
valid.  The following RCM methods have been developed for computing or estimating
task intervals for the various types of RCM tasks.  These methods have been reviewed
and are endorsed by the NAVAIR RCM Working Group Steering Committee for use in
applications where appropriate.  Other methods may be found at the NAVAIR RCM web
site or by contacting the Steering Committee via NAVAIR AIR-3.2.  It is the
responsibility of the user to determine the appropriateness of a given method to a specific
application.  Programs are encouraged to submit additional methods found helpful in
conducting the analysis to NAVAIR AIR-3.2 for endorsement and dissemination.

1.2 ON CONDITION TASK INTERVAL DETERMINATION

1.2.1 Using Acceptable Probability of Failure and Task Effectiveness

On Condition task intervals are usually based on some fraction of a potential failure to
functional failure (PF) interval.  One method of determining an On Condition task
interval is based on the premise that any inspection will not be 100% effective.  It will
therefore require some number of inspections over the PF interval to ensure that the
probability of failure is reduced to an acceptable level.  Shown mathematically:

Equation (1) I = PF/n

Where:

   I = Inspection interval

PF = Potential failure to functional failure interval

  n = Number of inspections in the PF interval
Equation (2) n = ln (Pacc) / ln (1-θ)
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Where:

     θ = Probability of detecting a potential failure with the proposed On Condition
task, assuming the potential failure exists

Pacc  = Acceptable probability of failure

The derivation for this method is as follows:

If θ is the probability of detecting a potential failure in one inspection, assuming the
potential failure exists, the probability of not detecting it is (1 - θ).  The probability of not
detecting the potential failure in n inspections is (1 - θ)n.  The intent of the task is to
reduce probability of failure to an acceptable level, Pacc.  Described mathematically: Pacc

= (1 - θ)n.  Solving for n yields equation (2) above.  This method is appropriate for failure
modes with safety consequences.  It may also be used to provide an estimated value for n
for non-safety consequences provided an acceptable probability of failure is identified.
However, for economic failure modes an additional step to ensure that the task is cost-
effective must be performed as follows:

Cpm + Ccm < Cnopm

Where:

   Cpm  = Cost of the preventive maintenance program

   Ccm  = Cost of corrective maintenance with preventive maintenance in place
considering the potential and functional failures that will occur

  Cnopm  = Cost of correcting functional failures as they occur without the
preventive maintenance program in place

1.2.2 Optimizing Task Intervals for Failure Modes with Non-Safety Consequences

Another method for determining the number of inspections, n, in the potential failure to
functional failure interval for failure modes with non-safety consequences is to use a cost
optimization formula such as the following:

Where:

PF = Potential failure to functional failure interval

( ) ( )
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  Ci  = Cost of one preventive maintenance task
 = (DMMH for inspection) (Labor Cost per hour) + Consumable cost

Cpf   = Cost of correcting one potential failure

 = (DMMH to correct potential failure) (Labor Cost per hour) + Spares and
Material costs

Cnpm = Cost of not doing preventive maintenance

  = Ccm + Copc

Note

If Cnpm is equal to Cpf, the equation becomes invalid.  If this is the
case, then consider Cnpm minus Cpf to be equal to Cnpm.

Ccm= Cost of corrective maintenance

=  (DMMH for repair) (Labor Cost per hour) + (Spares and material costs)

Copc = Cost of lost operational

 = (DMMH to repair)    Acquisition Cost including support costs

  (total flight hours)

   θ = Probability of detecting a potential failure with the proposed On Condition
task, assuming the potential failure exists

If the solution to the above equation shows n ≤ 0, it is not cost effective to perform an On
Condition task to address the failure mode under evaluation.  If n ≥ 1, divide the PF by n to
determine the appropriate task interval.  If 0 < n < 1, the minimum cost effective task
interval is obtained by setting n = 1 and solving for PF as the task interval.

The above equation should be used carefully since it is built on the assumption that each
potential failure prevents one functional failure.  If the equation is being used to evaluate a
task that is expected to result in repeated potential failure repairs to prevent one functional
failure, the cost of all repaired potential failures for each functional failure must be
considered.  Failure to do so will invalidate the equation and promote implementation of
tasks that are not cost effective.

1.1.3 Default Methods for Determining an On Condition Task Inspection Interval

One default method that has been used to determine On Condition task intervals is to
work backwards from an existing On Condition task.  The following three cases describe
methods that have been used to calculate default inspection intervals.
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Case 1 - If an existing PM requirement has proven to be effective, the PF interval can be
defaulted by calculating the number of inspections, n, as described previously, then
multiplying n times the current inspection interval.  The default task interval then
becomes the same as that of the current effective task.

Case 2 - If an existing PM task is less effective than desired, e.g., some functional failures
have occurred with the current task in place, and that task is being considered for use, an
adjustment may be made to the current task interval.  One method of doing this is to
adjust the PF interval by the percentage of effectiveness of the current task.  If, for
example, the current task interval of 100 flight hours (FH) is 95% effective in preventing
the functional failure (5% of the failures are functional failures) and the calculated n is 3,
the default PF interval will be (100*3) * (.95) or 285 FH.  The task interval would be 95
FH.

Case 3 - If a new task will be considered for replacing an existing task, use the existing
task effectiveness as θ to calculate n and, therefore, the PF interval.  Use a new θ for the
new task to calculate a new n and, therefore, a new PM task interval.

1.3 HARD TIME TASK INTERVAL DETERMINATION

1.3.1 Weibull analysis

Weibull analysis is a statistical technique that uses failure data to provide accurate failure
predictions.  It provides a method for determining probability of failure as a function of
time.  This is useful for determining Hard Time task intervals by selecting the time at
which the number of occurrences of the failure mode reaches an unacceptable level.

1.3.2 Testing

Testing is another means to determine safe-life limits or wear out ages of items.  Many
components require certification tests that ensure that the component will operate for a
certain period without failure.  Aircraft structure, for example, is usually tested to failure
under a full-scale fatigue test to ensure that it will remain crack-free for the life of the
aircraft.  When airframe cracks are found unexpectedly, coupon testing is sometimes
performed to determine the life to crack initiation of the suspect component.  Statistical
techniques such as Weibull may then be applied using the test data to determine
appropriate task intervals.

1.3.3 Fatigue analyses

Fatigue analysis can be used to determine an item’s life to crack initiation, which, in turn,
can be used as a basis to establish a Hard Time task interval.  In-service failures that
occur because of fatigue may be avoided by setting Hard Time limits at or below the life
to crack initiation limit.  Appropriate safety factors must be considered and included
when establishing these limits.
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1.4 FAILURE FINDING TASK INTERVAL DETERMINATION

The probability of multiple failure can be set to a level that is acceptable to a program
following the same logic as that used to develop the On Condition task.

The following equation can be used to model the probability of multiple failure
condition:

Equation (1) Pmf = Phidden x Padditional

Where:

      Pmf  =  Probability of multiple failure occurring

  Phidden  =  Probability of the hidden failure occurring

Padditional =  Probability of an additional failure occurring

Assuming a random failure distribution for Phidden and Padditional, equation (2) can be used
to model these unknown probabilities of failure from equation (1) by establishing the
probability over time:

Equation (2) P = 1 - e-t / MTBF

Where:

        P =  Probability over the time period

         t  =  Time period

            MTBF =  Mean Time Between Failures

If both Phidden and Padditional are unknown, the equation becomes indeterminate and requires
a numerical solution.  This is most easily solved by entering the two equations on a
spreadsheet, then applying t until the two probabilities multiplied together equal the
acceptable probability of failure.

If the failure distribution is not random, i.e., the resultant probability of failure curve
shows an increasing or decreasing trend, then equation (2) may not be applicable.  In this
case, a more representative failure distribution should be used.



NAVAIR 00-25-403
01 February 2001

B-8

This Page Intentionally Left Blank


	TITLE
	LIST OF EFFECTIVE PAGES
	TABLE OF CONTENTS
	I INTRODUCTION
	II RCM PROGRAM MANAGEMENT
	Figure 2-1 RCM Process Map
	Figure 2-2 Hardware Breakdown Block Diagram

	III RCM ANALYSIS PROCESS
	Figure 3-1 RCM Process
	Figure 3-2 Significant Function Selection Logic Diagram
	Figure 3-3 RCM Decision Logic
	Figure 3-4 On Condition Task Considerations
	Figure 3-5 Wear Out Characteristics
	Figure 3-6 Safe Life Limits
	Figure 3-7 Economic Life Limit
	Table 3-1A IRCMS Cost Equations

	IV IMPLEMENTATION OF RCM ANALYSIS RESULTS
	Figure 4-1 RCM Process Steps
	Figure 4-2 Task Timeline
	Figure 4-3 Narrow Distribution
	Figure 4-4 Wide Distribution
	Figure 4-5 Identifying Groups of Tasks
	Figure 4-6 Completed Initial Packaging Effort

	V SUSTAINMENT OF RCM PROGRAM
	Figure 5-1 RCM Closed Loop Dynamic Process
	Figure 5-2 Example Top Degrader Analysis
	Figure 5-3 Excerpt from Readiness and Cost Degrader Database
	Figure 5-4 Example Top Degrader Trending Analysis
	Figure 5-5 Example of Process to Address Emergent Issues
	Figure 5-6 Example of a Cost Avoidance Document

	APPENDIX A EXAMPLE RCM PROGRAM PLAN
	Table of Contents
	Table of Figures
	Appendices
	Figure 1 Acceptable Probability of Failure
	Figure 2 Wear Out Characteristic Curves
	Figure 3 Default Failure Detection Probability Values
	Figure 4 On Condition Safety Analysis Worksheet
	Figure 5 On Condition Non-Safety Analysis Worksheet
	Figure 6 Hard Time Non-Safety Analysis Worksheet
	Figure 7: Failure Finding Safety Analysis Worksheet
	Figure 8 Typical Age Versus Reliability Curve
	Figure 9: RCM Team Structure
	E-2C RCM PROCESS FLOW

	APPENDIX B E-2C RISK HAZARD ASSESSMENT MATRIX
	E-2 C RISK HAZARD ASSESSMENT MATRIX
	RCM METHODS


